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Assessment and treatment of tethered oral tissue, or tongue tie, vary within and across 
providers, resulting in inconsistent surgical and therapeutic outcomes.  Assessment and treatment 
have historically focused on the anatomical (structural) underpinnings of tongue tie, as opposed 
to the physiological (functional) aspects that can affect daily activities.  This is particularly 
noteworthy in the infant population in regards to breastfeeding.  Clinical findings, however, 
suggest that connections exist between tongue tie and a variety of other oral functions that go 
beyond breastfeeding.  The goal of this research was to examine a relatively small group of 
breastfed infants with tethered oral tissue holistically prior to and at one week and three weeks 
following surgical intervention for tethered oral tissue using a particular laser (i.e., frenectomy).  
Data were obtained through direct observation of structural and behavioral changes, as well as a 
parent questionnaire.   
Questionnaire results indicated problems across a wide spectrum of oral dysfunction 
symptoms known to be associated with tethered oral tissue and of perceived changes post-
operatively.  The role of supplemental aftercare therapy following frenectomy and its perceived 
value were discussed.  In addition, the role of supplemental therapy as a form of non-surgical 
intervention was examined using a small sample size.  This research suggested that differences 
exist in oral function of the infant and for maternal breastfeeding complications before and after 
frenectomy, but that these differences are not dependent on the appearance (or perceived visual 
severity) of the restrictive tissue.  Evaluation of the whole child and the breastfeeding dyad 
together is critical to determine the relationship between anatomic structure and function.  
Surgical intervention for the treatment of tethered oral tissue, as well as therapeutic care from a 
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skilled provider, should be considered for breastfeeding dyads who exhibit signs and symptoms 





Infant tongue tie, also referred to as ankyloglossia or more recently tethered oral tissue, is 
currently a debated topic because of its potential impact on breastfeeding, oral hygiene, 
breathing, sleep, dentition, musculoskeletal development, and other oral functions.  The 
controversy is relatively new because until the mid 20th century, midwives and pediatricians 
routinely clipped tongue tie using a fingernail or scissors to aid in breastfeeding.  References to 
this practice are recorded as early as 1697 for neonates with feeding difficulties (Fernando, 
1998).   However, in 20th century America, breastfeeding began to be viewed as a lower-class 
and uncultured practice relegated to those who could not afford formula.  Bottle-feeding with 
formula became increasingly popular, particularly after World War II, a practice that 
predominated into the 1990’s (Wright & Schanler, 2001).  Since infants with tongue tie appeared 
to drink from the bottle more easily, the issue received little attention and formula use was 
encouraged.  However, since the 1960’s, there has been a steady resurgence of breastfeeding and 
extensive research documenting the benefits to both mothers and infants (Wright & Schanler, 
2001).  In addition, the care standards set forth by the Baby Friendly Hospital Initiative 
(Organization & UNICEF, 2009) have pushed hospitals to protect, promote, and support global 
breastfeeding efforts.   
With more mothers choosing to breastfeed, the problems caused by tethered oral tissue 
are increasingly being recognized and dealt with surgically.  The controversy over whether it is a 
necessary surgery is debated since some children with tongue tie do not show concomitant 
feeding problems (Hogan, Westcott, & Griffiths, 2005) and bottle-feeding is seen as a viable 
alternative for those who do.  Many of the existing studies do not indicate distinctions between 
the different types and severity (i.e., visibility) of tongue tie, either eliminating some types from 
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the population through inclusion criteria or pooling subjects into a single analysis.  Further, most 
studies do not consider the role of supplemental therapeutic intervention before and/or after 
surgical intervention (i.e., frenectomy). 
In addition to difficulty breastfeeding, researchers from a range of disciplines have found 
connections between tongue tie and other dysfunctions in infancy such as poor weight gain 
(Kotlow, 2004), reflux (Siegel, 2016), sleep-disordered breathing (Huang, Quo, Berkowski, & 
Guilleminault, 2015), and colic (Kotlow, 2011).  Symptoms of tongue tie can also affect the 
mother.  Nipple trauma (e.g., cracking, bleeding, blanching, bruising), incomplete breast 
drainage, plugged ducts, and infection may be indicative of dysfunction (Kotlow, 2004).  These 
clusters of issues suggest that when evaluating infants with tethered oral tissue, the whole child 
must be considered to determine if dysfunction exists beyond the infant’s latch at breast.  
Understanding the dynamics of structure and function during infant development is crucial when 
making decisions about intervention. 
The purpose of this study was to examine breastfed infants diagnosed with tethered oral 
tissue holistically prior to frenectomy, then again at one week and three weeks following 
frenectomy.  While most prior studies have followed up with a phone call, this study re-
examined the infant using the same instruments as pre-intervention.  This resulted in data 
obtained through direct observation of structural and behavioral changes, as well as a parent 
questionnaire.  The questionnaire assessed problems across a wide spectrum of symptoms known 
to be associated with tethered oral tissue.  The same questionnaire was distributed at pre-test, 
then again post-operatively at one week and three weeks, to note perceived changes via maternal 
report.  In addition, the role of supplemental therapeutic intervention in relation to frenectomy 




Anatomic and Physiological Foundations 
The anatomic structures, reflexive behaviors, and physiological movements of the human 
infant are unique.  The infant oral cavity is dependent upon reflexive control for actions such as 
sucking and swallowing, but it also requires intact structures that have a functional range of 
motion and physiologic stability.  Feeding, for example, is complex and involves interrelated 
movement patterns that are controlled by six cranial nerves (V, VII, IX, X, XI, and XII).  Cranial 
nerves are responsible for providing sensory and motor innervations during mastication (i.e., 
chewing), respiration, and swallowing (Genna, 2017; Iskander & Sanders, 2003).   
Reflexes. Infants are typically born with protective and adaptive reflexes.  Protective 
reflexes associated with the oral cavity include coughing and gagging, which are both triggered 
by sensory receptors.  Adaptive reflexes can be triggered by motor and sensory receptors and 
include rooting, transverse tongue movement, tongue protrusion, sucking, phasic biting, and 
swallowing.  The rooting reflex is stimulated by touch to the face and mouth, causing the infant 
to turn upward with an open mouth, and depress and extend the tongue with the objective of 
grasping the breast or bottle.  The transverse tongue reflex involves movement of the tongue 
toward the source of stimulation when the lateral edge is stroked.  The tongue protrusion reflex is 
elicited when the tongue sticks out anteriorly upon stimulation.  The sucking reflex involves 
wave-like tongue movement when stimulation is provided to the juncture of the hard and soft 
palates.  The phasic bite reflex occurs when the gum ridge is stimulated causing the infant to 
retract the tongue and bite down, which is not seen during sucking.  The swallow reflex is a 
series of complex sensory and motor events that are both voluntary and involuntary and results in 
consumption of a bolus.   
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Cheeks. The anatomy of the infant greatly differs from that of an adult, particularly of 
the head and neck.  The infant oral cavity is small compared to that of an adult and is particularly 
well designed for sucking (Genna, 2017).  The infant’s buccal cavities, or cheeks, appear thicker 
and contain what are referred to as fat pads, which provide stability during sucking and feeding.  
Fat pads are visible for up to 6-8 months, and then diminish as the cheek muscles begin to 
provide more active stability (Walker, 2013).  The buccinators, or cheek muscles, compress 
when activated and are innervated by the facial nerve (CN VII).  The cheek wall also provides 
lateral stability for the tongue. 
Sucking.  An anterior-posterior (i.e., front-to-back) lingual movement pattern initially 
develops in utero at 12-18 weeks gestation (Delaney & Arvedson, 2008; Miller, Sonies, & 
Macedonia, 2003; Wolf & Glass, 1992) and continues to mature up until 32-34 weeks gestation, 
playing a key role in the two phases of the infant’s suck pattern.  Suckling, the first phase of the 
infant’s suck pattern, is acquired gradually in the second and third trimesters.  It involves definite 
backward and forward tongue movements (Bosma, 1986; Morris & Klein, 1987), allowing liquid 
to be drawn into the mouth via rhythmic licking and pronounced open-close movements of the 
mandible with the lips loosely approximated.  Mandibular movements facilitate the protrusion 
and depression of the tongue as a result of the genioglossus muscle attachment, as opposed to the 
tongue moving freely on its own; therefore the tongue can be seen in extension over the lower 
lip.  Sucking, the second phase of the infant’s suck pattern, is characterized by lingual elevation 
and activation of intrinsic lingual musculature (Arvedson & Brodsky, 2002), which elevates the 
mandible and encourages lingual-palatal suction.   
In a landmark study by Geddes, Kent, Mitoulas, and Hartmann (2008), ultrasound 
technology was used to suggest that a vacuum of negative pressure is created via precise 
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movements when infant breastfeeds.  This challenged the historic scientific notion that milk is 
“stripped” from the breast.  Researchers in this study suggested that milk transfer is largely 
dependent on tongue movement.  Firm approximation of the lips paired with coordinated tongue 
movements allow the typically developing infant to build pressure in the oral cavity.  The authors 
were able to visualize the precise movements of the tongue and oral cavity as a whole to quantify 
the size, pressure, speed, and accuracy of the tongue during undulation (i.e., wave-like motions 
of the tongue).  This study also supported that removal of milk from a bottle is remarkably 
different than removal of milk from the breast.  During bottle-feeding, the infant occludes the 
teat with the anterior portion of the tongue to create compression, and then lowers the mandible 
to re-fill the nipple.  More jaw excursion is seen in bottle-feeding with the utilization of gross 
motor jaw movement. 
Typically developing infants exhibit a nutritive suck (NS) pattern and a non-nutritive 
suck (NNS) pattern.  Nutritive sucking occurs at a rate of one suck per second and results in the 
consumption of a nutritious liquid such as milk.  Non-nutritive sucking (e.g., on a finger or 
pacifier) occurs at a rate of two sucks per second (Wolff, 1968) and results in only saliva being 
swallowed.  Ultrasound technology has suggested NNS has developed in most neonates by 15 
weeks gestation (Delaney & Arvedson, 2008).  The strength of an infant’s suck is used to 
measure flow rate as positive and negative pressures develop.  The intra-oral vacuum plays a key 
role in milk removal during nutritive sucking (Geddes et al., 2008; Smith, Erenberg, & Nowak, 
1988) as negative pressure builds.  
Sucking is best achieved through physiologic stability (i.e., a neurobehavioral program 
that guides attachment and subsequent rhythmic tongue and jaw movements) and is characteristic 
of full-term infants (Arvedson & Brodsky, 2002; Genna, 2017).  Physiologic stability during 
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typical infant feeding is obtained internally through oxygen regulation, alertness, and overall 
organization of the anatomic and physiologic neurological systems.  Physiologic stability may 
also be obtained externally via environmental and positional changes.  Lingual-palatal suction 
(or seal) is generated as the tongue creates pressure on the palate distally (Wood, 1971).  
Suboptimal suction may be indicative of a variety of issues, including an immature suck pattern 
due to a shortened gestation period (i.e., prematurity), structural or postural limitations, or overall 
coordination deficits (Genna, 2017).  Infants born prematurely may be at a disadvantage for 
developing a coordinated suck-swallow-breathe sequence (Bu’Lock, Woolridge, & Baum, 1990) 
when compared to full-term infants, but the cause of uncoordinated feeding may also be 
structural (i.e., anatomical).  Physiologic stability is often difficult for babies born preterm 
because the coordination of breathing and swallowing has not been integrated efficiently 
(Hanlon, Tripp, Ellis, Flack, Selley, & Shoesmith, 1997; Lau, Alagugurusamy, Schanler, Smith, 
& Shulman, 2000; McCain, 1997; McGrath & Medoff-Cooper, 2002; Medoff-Cooper, McGrath, 
& Bilker, 2000; Medoff-Cooper, Verklan, & Carlson, 1993; Thoyre & Carlson, 2003; Shiao, 
Brooker, & DiFiore, 1996; Wilson, Thach, Brouillette, & Abu-Osba, 1981).  Moreover, preterm 
babies have an underdeveloped anatomy and physiology compared to babies born at term.  
In combination with cranial nerve function, a highly complex and integrated sensorimotor 
system aids in the foundation of functional sucking, swallowing, and breathing (Delaney & 
Arvedson, 2008).  In coordinated feeding, the sucking, swallowing, and breathing movements 
follow a rhythmic 1:1:1 sequence (Bosma, 1977; Genna, 2017; Kummer, 2013).  Not all infants 
coordinate this sequence immediately; therefore, it can sometimes take days or weeks to become 
more established.  This can be especially problematic for infants with structural limitations, such 
as tethered oral tissue.   
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Tongue. The infant tongue is large in relation to the size of the oral cavity.  The tongue is 
located within the arch of the mandible and fills the oral cavity when the mouth is closed.  
Negative pressure within the oral cavity ensures the tongue adheres to the palate and the tip rests 
against the maxillary gum while at rest (Kummer, 2013).  The larynx is situated in a higher 
position at rest (cervical vertebrae III or IV) and during swallowing (cervical vertebrae I or 
II)(Dhingra & Dihingra, 2014; Genna, 2017).  The epiglottis elongates to meet the soft palate to 
protect the airway and create a nasopharyngeal channel so the infant can breathe through the 
nose when sucking (Genna, 2017; Logemann, Kahrilas, Cheng, Pauloski, Gibbons, Rademaker, 
& Lin, 1992; Matsuo & Palmer, 2008).  This supports the 1:1:1 suck-swallow-breathe sequence.  
Developmentally, the larynx descends and elongates as the infant matures, requiring more 
epiglottic movement to protect the airway.   
Incomplete contact of the base of tongue and posterior pharyngeal wall (PPW) results in 
reduced intra-oral pressure and may cause an unsafe and/or inefficient swallow.  The creation of 
negative pressure in the oral cavity via rhythmic tongue movements is essential for feeding and 
swallowing.  Thus, when the tongue (particularly) is tightly attached to the floor of the mouth 
(more than what is considered normal), atypical movements are produced.  The location and free 
movement of the tongue plays an extremely important role in the safety and efficiency of the 
swallow which are disrupted by tethered oral tissue.   
Tongue shape is controlled by intrinsic and extrinsic musculature.  Four paired intrinsic 
muscles (i.e., superior longitudinal, inferior longitudinal, transverse, and vertical) insert into the 
tongue and are attached to tendons and ligaments, instead of bone.  The intrinsic muscles are 
responsible for lengthening, shortening, curling, and flattening the tongue.  Four paired extrinsic 
muscles (i.e., genioglossus, hyoglossus, styloglossus, and palatoglossus) also insert into the 
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tongue and are attached to the hyoid bone.  The extrinsic muscles are responsible for protrusion, 
retraction, and lateral (i.e., side-to-side) movements of the tongue.  All of the intrinsic and 
extrinsic muscles are innervated by the hypoglossal nerve (CN XII), except for the palatoglossus 
muscle, which is innervated by the vagal nerve (CN X) (Nicolosi, Harryman, & Kresheck, 2004).   
Vagus nerve. The vagus nerve is the longest nerve in the human body and is paired, 
containing 80% afferent (i.e., sensory) fibers and 20% efferent (i.e., motor) fibers (Bonaz, 2016).  
The motor fibers originate in the dorsal motor nucleus of the vagus nerve and the sensory fibers 
provide feedback to the motor fibers.  The sensory and motor fibers contribute to the self-
regulation of physiological systems (Porges, 2001, 2003).  For example, the vagus nerve is a key 
component of the autonomic nervous system (ANS) and is largely responsible for processes such 
as regulating gastrointestinal (GI) motility and secretions within the digestive tract.  The ANS 
regulates homeostasis and helps to promote physiologic stability with the help of the vagus nerve 
(Porges, 1992).  The vagal system contributes to the regulation and coordination of actions such 
as sucking, swallowing, breathing, heart rate, and later vocalization (Porges, 1996).  Each of 
these actions requires physiologic stability and appropriate vagal nerve function.  When 
dysfunction of the vagal system occurs, the infant in this case, is considered at-risk.  Clinical 
indicators for the at-risk infant may include (but not be limited to) apnea, a disorganized suck-
swallow-breathe pattern, or atypical heart rate due to anatomic and physiological difficulties with 
a neurological basis.   
If tethered oral tissue, for example, impedes function and movement of the extrinsic 
palatoglossus muscle of the tongue, innervation of the vagus nerve can be jeopardized.  The 
function of the palatoglossus muscle is to elevate the posterior tongue and aid in the initiation of 
the swallow.  The genioglossus muscle has typically received more attention in relation to 
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tethered oral tissue (namely tongue tie) because it is responsible for lingual protrusion.  It has 
been supposed that tongue tie is primarily an oral motor concern related to limited lingual 
protrusion, but it is also affected by the muscle responsible for lingual elevation which can affect 
functional swallowing. 
The extrinsic genioglossus muscle is of particular importance since it connects the tongue 
to the mandible and the hyoid bone (Logemann, 1983).  The mandible is innervated by the 
trigeminal nerve (CN V).  This nerve contains three divisions; one division is specific to the 
mandible by supplying sensation to the lower third of the face, anterior two-thirds of the tongue, 
the oral mucosa of the mouth, and the lower teeth (Sanders, 2010).  The hyoid bone is U-shaped 
and the only bone in the body not connected to any other bone.  Instead, it is suspended by 
surrounding tissue, muscles, and ligaments.  It rests between the lower part of the mandible (i.e., 
chin) and the thyroid cartilage.  Tongue and jaw movements are linked through mutual 
attachments to the hyoid bone; therefore positive pressure is created as the mandible rises, then 
negative pressure is created when the mandible drops (Genna, 2017).  These particular 
movements are the basis for sucking.  
Lips. The lips are innervated by the trigeminal nerve (CN V).  Infant lips are typically 
soft and pink with loose approximation, allowing the oral cavity to rest in a closed position 
without the lips compressing tightly.  A vertical groove exists between the base of the nose (i.e., 
columella) and the upper lip and is referred to as the philtrum; philtral ridges border this 
indentation and create a smooth, sloped appearance (Kummer, 2013).  The orbicularis oris, or lip 
muscle, is a complex series of muscle fibers that creates the look of a circular muscle.  Numerous 
muscle fibers insert at the lips, allowing for contraction during infant feeding and maintenance of 
an appropriate seal.  A thin, white roll referred to as the vermillion border surrounds the reddish-
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pink portion of the upper and lower labials (Kummer, 2013).  The mentalis muscle at the base of 
the lower labial elevates and protrudes, creating an outward, flanged appearance.  The upper 
labial typically rests in a more neutral, semi-flanged position (Genna, 2017).   
Frenula. A soft mucosal membrane, referred to as a frenulum (or frenum, plural, frenula 
or frena), is a small fold of tissue that is considered part of the normal human anatomy.  Frenula 
are found in multiple locations throughout the human body, but the oral cavity contains several 
noteworthy attachments, including: midline at the juncture of the floor of mouth and underbelly 
of the tongue, midline at the juncture of the maxillary labial (i.e., lip) and superior (upper) gum, 
midline at the juncture of the mandibular lip and inferior (lower) gum, and in one or both of the 
lateral buccal (i.e., cheek) cavities.  Frenular tissue is semi-elastic in nature, attaching a ‘loose 
part’ to a more ‘rigid part’ and allows for functional range of motion (Kotlow, 1999; Priyanka, 
Sruthi, Ramakrishnan, Emmadi, & Ambalavnan, 2013).   
Oral frenula are composed of both type I collagen and elastic fibers, though the lingual 
frenulum is unique since it also contains fibers of the genioglossus muscle (Martinelli, 
Marchesan, Gusmão, de Castro Rodrigues, & Berretin-Felix, 2014).  The genioglossus muscle is 
fan-shaped and responsible for tongue depression and protrusion; necessary movements for oral-
motor functioning, speech, and feeding.  Not all frenula are visually identical.  The histological 
composition of the oral frenula has led to disagreement regarding whether or not the tissue 
independently elongates (or stretches) over time via maturation (Martinelli, Marchesan, Gusmão, 
Rodrigues, & Berretin-Felix, 2014).  There is currently no empirical research to support this 




Tethered Oral Tissue 
Although frenular tissue is considered normal, variation in appearance may exist.  For 
example, the tissue may range in length from short to long and in width from thin to thick. 
Variation in anatomical appearance may lead to changes in physiologic function.  For example, if 
the frenular tissue is “too short” and/or “too thick,” full range of motion may be inhibited and 
everyday movements can be difficult to achieve.   
Tethered oral tissue is a term used to collectively label and describe several congenital 
anomalies related to the frenula of the oral cavity (Kotlow, 1999).  Tethered oral tissue is 
typically classified by shortness and/or tightness of the oral frenula, resulting in restricted, 
atypical movement patterns (Dezio, Piras, Gallottini, & Denotti, 2015; Fernando, 1998; Kotlow, 
2011; Marchesan, 2005; Pradhan, Yasmin, & Mehta, 2012).  Visible, cosmetic characteristics of 
the frenular tissue, such as shortness and/or the appearance of a heart-shaped tongue, may be 
cited prior to any oral motor deficits such as the inability to lick the lips and/or protrude the 
tongue beyond the gums.  Further, functional deficits related to feeding and/or swallowing may 
not be appropriately assessed. 
Tethering of the frenulum located at the juncture of the floor of the mouth and underbelly 
of the tongue (i.e., lingual frenulum) is most commonly referred to as ankyloglossia or tongue 
tie.  Tongue tie can be further divided into anterior and posterior classifications.  An anterior 
tongue tie, or classic tongue tie, is visible to the naked eye and should not require palpation of 
the tissue.  It is typically marked by a thin, prominent frenulum that is restricted (or tethered) at 




Figure 1. Classic anterior tongue tie in the infant.  Note tongue shape and thin, visible tissue 
connecting the tongue tip to the mandibular gum.  
 
 
A posterior tongue tie is not as visually prominent and is typically characterized by thick 
frenular tissue that is positioned further back in the oral cavity (Figure 2).  A posterior tongue tie 
is sometimes mistaken for the typical oral anatomy because the tongue does not “look” restricted 
(i.e., tied).  A posterior tongue tie often requires palpation of the frenular tissue to increase 
visibility of the restriction.  Using the fingertips, surrounding tissue at the juncture of the 
underbelly of the tongue and the floor of the mouth can be palpated by the examiner to visually 
identify the frenulum.  This may cause slight discomfort to the infant being examined depending 
on the degree of tightness because muscle fibers of the genioglossus and surrounding tissue may 
contribute to overall tightness/tension.  A posterior tongue tie may be considered submucosal in 




Figure 2. Posterior tongue tie in the infant.  Note tongue shape and tissue thickness.  Palpation is 
often necessary during examination to visually identify the frenulum.  
 
 
Tongue tie is thought to occur in isolation, but the oral anomaly is often categorized 
under the broader heading of tethered oral tissue to include lip tie and cheek tie(s).  A lip tie is a 
related condition that typically occurs along the midline when the oral tissue extends from the 
upper lip to the gingival tissue of the alveolar ridge (Edwards, 1977; Fernando, 1998; Kotlow, 
1999).  The mucus membrane contains fibers that originate from the orbicularis oris muscle of 
the upper lip that attach to the alveolar mucosa and underlying periosteum (Priyanka et al., 
2013).  This can result in restricted flanging of the upper lip (i.e., the dry outer portion of the lip 
does not flare outward) and impedes lip closure so that it is considered insufficient for sucking 
during infant feeding (Genna, 2017; Miller, Sonies, & Macedonia, 2003; Wolf & Glass, 1992).  
During infant feeding, the lip must flange outward to accept the mother’s nipple or bottle teat, in 
turn facilitating appropriate lingual positioning necessary for efficient milk retrieval.  A lip tie 
may also occur along the midline when the oral tissue extends from the lower lip to the gingival 
tissue of the mandibular alveolar ridge.  Buccal restrictions, or cheek ties, occur in one or both of 
the lateral cheek walls.  The frenular tissue attaches the cheek to the gingival tissue of the 
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maxillary and/or mandibular gum(s).  Buccal ties are often omitted in the literature and 
occurrence is mostly anecdotal or case specific, resulting in variable incidence rates.   
The most recent literature regarding incidence and prevalence rates primarily examines 
tongue tie alone and does not classify tethered oral tissue as a whole (i.e., inclusive of lip and 
cheek ties).  Incidence rates for tongue tie vary widely, ranging between 1.7% and 10.7% of all 
newborns (Ballard, Auer, & Khoury, 2002; Edmunds, Miles, & Fulbrook, 2011; Hogan, 
Westcott, & Griffiths, 2005; Holkar, Korday, & Malik, 2017; Kotlow, 1999; Lalakea & Messner, 
2003; Marchesan, 2005; Marchesan, 2010; Martinelli et al., 2014; Messner & Lalakea, 2002; 
Messner, Lalakea, Aby, Macmahon, & Bair,  2000; Ricke, Baker, Madlon-Kay, & DeFor, 2005; 
Vörös‐Balog, Vincze, & Banoczy, 2003).  Reported incidence rates are frequently labeled as 
“severe” in the literature, suggesting less-severe cases may not be reported accurately.  Some 
literature suggests more males than females are affected by tongue tie, with a ratio ranging from 
1.5:1 to 2.6:1 (Ballard, Auer, & Khoury, 2002; Friend, Harris, Mincer, Fong, & Carruth 1990; 
Messner et al., 2000; Ricke et al., 2005), whereas other researchers suggest a more equal 
proportion of 1:1 (Wynbrandt & Ludman, 2010).  Some studies suggest tongue tie is largely 
genetic (Ballard, Auer, & Khoury, 2002), occurring across generations and affecting all ethnic 
groups.  
 
The Need to Assess Form and Function 
One of the most recognized problems associated with tethered oral tissue is painful 
and/or unsuccessful breastfeeding.  For the typically developing infant to properly latch on to a 
mother’s breast, the tongue must extend to the mandibular gum line to accept the breast and cup 
around the areola and mother’s elongated nipple with the lips flanged outward.  The infant 
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creates an effective and efficient latch and seal by creating peristaltic tongue movements (i.e., 
wave-like motion resulting from symmetrical contraction and relaxation of the lingual 
musculature) with the mother’s nipple at the junction of the soft and hard palates.  For the infant 
with restricted tongue and lip movement, extension beyond the mandibular gum line is limited or 
entirely prohibited (Bu’Lock, Woolridge, & Baum, 1990) and snapback (i.e., audible clicking) 
may occur.  Snapback is caused by incorrect or inadequate tongue placement whereby the tongue 
quickly retracts to the back of the oral cavity instead of remaining in extension over the 
mandibular gum line, resulting in a poor latch and “clicking” sound.  Lingual elevation, 
protrusion, and lateralization are impeded, and often the upper and/or lower lips are unable to 
flange outward.   
Incorrect placement of the nipple during breastfeeding frequently results in maternal 
nipple pain and/or trauma due to infant gumming of the nipple in a piston-like manner using the 
superior and inferior gums instead of the tongue and palate.  It can also result in multiple 
attempts to re-latch the infant at breast, which can delay feeding and can cause undue stress to 
the dyad.  When the mother’s nipple rests anteriorly in the infant’s oral cavity, a poor, shallow 
latch is created.  A poor, shallow latch can be worsened by the position of the infant’s lips and/or 
tongue.  A poor latch is frequently associated with atypical lingual positioning, but the infant’s 
lip(s) can also play a role.  The upper lip, in particular, may turn inward (i.e., not flange outward) 
when the infant is at breast and exacerbate a poor, shallow latch.  The infant’s upper lip curls in 
to the oral cavity, causing incorrect placement of the mother’s nipple and compensatory lingual 
movements.  Instead, the nipple should be positioned at the juncture of the infant’s soft and hard 
palates for effective milk retrieval (Geddes et al., 2008).  The mother’s finger can be used to 
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provide manual adjustment of the lip(s), but manual adjustment is often not effective for infants 
with a maxillary labial restriction (i.e., lip tie) because the range of motion of the lip is inhibited.   
A prolonged and/or persistent shallow latch with accompanying nipple friction can lead 
to unwanted pain, discomfort, or (sometimes) permanent damage to the mother’s nipple and/or 
breast tissue.  A suboptimal latch and prevention of the lip(s) to appropriately flange outward can 
also cause undue pain/discomfort for the infant.  Pain/discomfort for the infant may include 
blistering, creasing, and/or redness of one or both of the lips.  When the infant’s latch is 
suboptimal, development of sucking skills can be impeded and milk retrieval can be difficult.  
Gross changes in position for the mother and infant are commonly explored first (such as moving 
from a cradle or cross-cradle hold to a more relaxed, laid-back or side-lying breastfeeding 
position), followed by slight changes in latch and oral position.  The mother may even opt to use 
a nipple shield (i.e., a flexible silicone guard worn on the breast during infant feeding with holes 
to allow milk to flow out) when pain/discomfort persists, though this should be viewed as a 
short-term solution.  A nipple shield will ease the pain/discomfort of the mother’s nipple during 
breastfeeding, but the infant’s dysfunctional oral movements will remain unchanged.  
A poor latch with maternal nipple pain/discomfort is a common reason for cessation of 
breastfeeding.  Decreased milk supply, breast engorgement, plugged ducts, and/or mastitis (i.e., 
infection of the breast tissue caused by a blocked/clogged duct and accompanied by soreness, 
redness, fever, and/or chills) can influence a mother’s decision to continue breastfeeding.  
Maternal complications during breastfeeding are commonly thought to be a shortcoming of the 
mother, but can actually be attributed to a poor latch by the infant.  Again, because the infant 
cannot extend the tongue over the mandibular gum line and form a proper seal with the lips.  
Beyond the limited ability to protrude, elevate, and/or lateralize the tongue, the infant’s latch 
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may also be affected by cranial nerve dysfunction, muscle tightness of the head/neck/body, 
and/or the ability to regulate and organize a swallow.  Repositioning of the infant at breast can 
aid in maternal pain/discomfort (e.g., changing the feeding position, using a nipple shield, hand 
expression while the infant is at breast), but the infant’s anatomy and functional movements 
should also be considered.  Thus, whenever the mother is experiencing pain or discomfort, the 
infant must be assessed for tethered oral tissue as an underlying cause (Berry, Griffiths, & 
Westcott, 2012).  
 
Form-Function Relationship 
Geddes, Langton, Gollow, Jacobs, Hartmann, and Simmer (2008) studied 24 infants 
using ultrasound to determine the effectiveness of surgical intervention for tongue tie infants 
experiencing persistent breastfeeding difficulties.  Infants were studied before and after surgical 
intervention for tongue tie to analyze nipple position in the mouth and lingual movement.  Milk 
transfer, latch, and pain were also recorded.  Infants with tongue tie experienced persistent 
breastfeeding difficulties since the tongue compressed the nipple and moved in an anterior-
posterior fashion.  Compression of the nipple also resulted in increased maternal nipple pain.  
Following surgical release, infants showed less compression of the nipple, which was associated 
with an improved latch at breast, increased milk transfer, and less maternal pain.  This study 
demonstrated differences in physiological function between infants with and without tethered 
oral tissue and that function was an outcome of form.   
Other pre-post surgical studies have also supported the form-function relationship.  
Hogan, Westcott, and Griffiths (2005) conducted a randomized control group study to determine 
if tongue tie was implicated in feeding problems and whether frenectomy was more effective 
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than traditional positioning and other strategies used by a lactation consultant.  The study 
randomized 57 babies with tongue tie and reported feeding problems into a group of 29 controls 
who were given 48 hours of intensive lactation consultant support and 28 who received an 
immediate frenectomy.  Only one (3%) of the controls improved and breast fed for eight months, 
while 27 (96%) of the frenectomy group improved and fed normally.  This study showed that 
tongue ties can affect feeding and that the frenectomy was more effective than lactation 
strategies.  No information was available for babies who had a tongue tie but were not showing 
feeding problems (an additional 113) nor those with feeding problems whose mothers chose not 
to participate (n=31).  
Steehler, Steehler, and Harley (2012) examined the benefit of maternal breastfeeding 
after surgical release of tethered oral tissue in newborns and infants.  Using a cohort survey and 
retrospective review design, the authors evaluated 367 participants who presented with feeding 
difficulties; 302 newborns and infants were deemed to have tongue ties that interfered with 
breastfeeding and subsequently underwent surgical release.  Follow-up telephone surveys 
revealed 80.4% of mothers strongly believed the surgical procedure improved the baby’s ability 
to breastfeed, resulting in 82.9% of mothers continuing to breastfeed post-operatively. Those 
whose child had surgical release of tongue tie within the first week of life considered the 
procedure to be more beneficial than when it is performed after the first week.  Unfortunately, 
the 65 infants who did not have surgery did not receive the follow-up survey and their outcomes 
are unknown. 
Berry, Griffiths, and Westcott (2012) investigated whether immediate improvement in 
breastfeeding after surgical intervention for clinically significant ankyloglossia was due to a 
placebo effect.  This study only looked at severe (anterior) tongue tie and did not look at 
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posterior tongue tie classifications.  Using a double-blind, randomized controlled trial (RCT), 
improvement was assessed at pre-/post-test via maternal report.  Fifty-seven infants were divided 
into groups and treated (or not treated), and then returned to the mother.  Infants in the non-
treatment group were subsequently treated after all data were collected.  Results revealed that 
78% of mothers in the treatment group noted feeding improvement following intervention, 
compared with 47% of the non-treatment group; these differences were significant (p < .02) 
indicating mothers can detect an improvement in feeding within the first day and reported 
improvements are not due to the placebo effect.  Follow-up revealed 90% of mothers reported 
feeding improvement at one day post-operatively and 92% at three months post-operatively. 
O’Callaghan, Macary, and Clemente (2013) examined the effects of frenectomy on 299 
infants.  Characteristics of anterior and posterior ankyloglossia were identified with concomitant 
lip tie for infants referred for breastfeeding difficulties.  Approximately 16% of infants presented 
with anterior tongue tie, while nearly 84% had posterior classifications.  Assessment included 
maternal report of breastfeeding difficulties, a generalized examination of the infant’s 
swallowing ability and neurological deficits, and suck assessment using a gloved finger.  
Mothers were asked to complete an 18-item, web-based questionnaire regarding breastfeeding 
experiences before and one week post-operatively.  Maternal breastfeeding problems (i.e., nipple 
pain) were reported by 93% of the mothers pre-operatively.  The post-test questionnaire was 
completed by 53% (158) of participants.  Results suggested latch improvement for half of all 
mother-infant dyads (p < .001) and decreased maternal nipple pain for both anterior and posterior 
tongue tie (p < .001).  No mothers reported worsening of nipple pain (i.e., improved or stayed the 
same) with best results reported for infants with posterior tongue tie classification.  This study 
lacked long-term follow-up (i.e., one week may still represent healing time so functional changes 
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may not yet be evident), but it elucidated the importance of assessment and treatment for all 
classifications of tongue tie (anterior and posterior) based on functional outcomes for both the 
mother and the infant. 
Srinivasan, Dobrich, Mitnick, and Feldman (2006) assessed latch and maternal pain 
immediately before and again after frenectomy.  A follow-up was conducted three months later 
via telephone questionnaire.  Results indicated improvements in latch scores immediately 
following frenectomy (p < .0001), while maternal pain scores decreased significantly (p < 
.0001).  The majority of mothers (77.8%) were still breastfeeding after three months and 88% 
believed the frenectomy had helped. 
Dollberg, Botzer, Grunis, and Mimouni (2006) conducted a randomized double-blind 
study to determine the effects on tongue tie on latch during breastfeeding and maternal nipple 
pain.  Infants were randomly assigned to a frenectomy group (n=14) or sham (mothers and 
caregiving personnel believed child had frenectomy).  Standardized pain scores decreased 
significantly in the frenectomy group compared to the sham group (p = .001) while latch scores 
neared significance (p = .06). 
 
Effect of Tongue-tie on Other Functions 
Practitioners across disciplines are often unaware of the relationship between tongue tie 
and function, resulting in the under-diagnosis of tongue tie and related problems.  This is 
particularly true for posterior ties that are not readily visible from a cursory examination.  Thus, 
if one can “see” a tongue tie, then the diagnosis is made.  However, tethered oral tissue may be 
related to a cascade of other, less obvious problems.  It has been suggested surgical intervention 
for tethered oral tissue might improve daily functions of the infant such as sucking, swallowing, 
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breathing, and basic oral-motor skills (Amir, James, & Donath, 2006; Ballard, Auer, & Khoury, 
2002; Coryllos, Genna, & Salloum, 2004; Edmunds, Miles, & Fulbrook, 2011; Fernando, 1998; 
Genna, 2016; Hall & Renfrew, 2005; Hazelbaker, 1993; Knox, 2010; Kotlow, 1999; Messner & 
Lalakea, 2002; Ricke, Baker, Madlon-Kay, & DeFor, 2005; Yoon, et al., 2017).  If signs and 
symptoms of these conditions are misinterpreted, tethered oral tissue may be mistaken as another 
condition.   
Understanding typical versus atypical development is important as a basis for 
interpretation of functional limitations.  Perinatal birth and medical information is necessary to 
determine if and where complications or deficits exist.  Congenital or acquired damage during 
the neonatal period is extremely important to evaluate and determine the most appropriate 
treatment plan.  Damage to the central nervous system (CNS), for example, may lead to 
subsequent feeding difficulties (Da Costa, van Den Engel-Hoek, & Bos, 2008).  This is because 
neurological damage may lead to physiological instability and dysfunction.  Indicators such as 
poor feeding skills or weak suction may be noted once the baby is born. 
The average gestation period for a human fetus is 40 weeks (U.S. Department of Health 
and Human Services, 2017).  The fetus has long been considered “complete” or term by 36 
weeks gestation, but recently the American College of Obstetricians and Gynecologists (2013) 
and the Society of Maternal-Fetal Medicine replaced “term” with more specific descriptions.  
The change in terminology was supported by clinical findings that important fetal development 
takes place during the final weeks of gestation, particularly in regards to sucking, swallowing, 
and breathing.  Fetal development beyond 36 weeks has typically been simplified or grouped 
together using general descriptions due to a lack of understanding regarding what the final weeks 
in utero truly entail.  For example, the CNS and structures and organs such as the lungs and 
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respiratory system continue to develop in the final weeks of gestation before baby is born.  The 
descriptor “early term” is now used to represent infants born between 37 weeks, 0 days and 38 
weeks, 6 days.  The descriptor “full term” is now used to represent infants born between 39 
weeks, 0 days and 40 weeks, 6 days.  For infants born beyond the typical gestation period of 40 
weeks, “late term” (between 41 weeks, 0 days and 41 weeks, 6 days) and “post-term” (between 
42 weeks, 0 days and beyond) are used.  Infants born prior to 37 weeks gestation are considered 
premature or “preemie”.  Overall, the closer the infant is to being born at 39 weeks or more, the 
better the health outcomes (March of Dimes, 2013).   
Medical and surgical interventions during labor and childbirth have been shown to have a 
negative impact on infant feeding.  Brown and Jordan (2013) reported Caesarian deliveries and 
fetal distress, in particular, have been associated with a shorter breastfeeding duration.  
Furthermore, babies born by use of forceps, babies born breech or another atypical presentation, 
babies born with the umbilical cord wrapped around the neck, and babies born after prolonged 
labor are at risk for feeding difficulties.  Medications during labor particularly for pain relief 
(i.e., epidurals) can also affect feeding for the mother and/or baby after birth.  The effects of birth 
can cause tension within the head and/or neck of the infant and can affect feeding readiness.  In 
some cases, tension can be compounded by the presence of tethered oral tissue.  This can result 
in discomfort and/or dysfunction of the infant’s oral cavity, face, and jaw. 
An infant’s neurophysiology and development can be affected by tethered oral tissue.  
Sensory (afferent) and motor (efferent) nerve input are provided by CN V, VII, IX, X, XII, and 
the upper cervical (C1-C3) nerves, and movements are controlled by central pattern generators.  
Restriction and tightness of the oral tissue can contribute to cranial nerve dysfunction, which can 
result in observable signs of distress, particularly during infant feeding.  The vagus nerve (CN 
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X), as previously described, is especially important to feeding and the autonomic nervous system 
(ANS) because it represents an integrated (i.e., sensory and motor) neural system (Porges, 2001; 
2003).  The ANS innervates smooth and cardiac muscles and glands and regulates visceral 
processes such as cardiovascular activity, thermoregulation, and digestion.  These visceral 
processes are extremely important for successful infant feeding because neurodevelopmental 
maturation of cerebral and brainstem pathways involved in sucking, swallowing, and breathing 
underlie and contribute to the readiness for oral feeding (Delaney & Arvedson, 2008; Genna, 
2016; Iskander & Sanders, 2003).  Disruption, or dysfunction, due to tethered oral tissue can 
negatively impact sucking, swallowing, and breathing such that the infant is not ready to feed. 
Moreover, CN X is particularly linked to The Polyvagal Theory, in which Porges (2001; 
2003) proposed that the evolution of the brain structures and ANS have provided the 
neurophysiological substrates for the emotional experiences and affective processes that are 
major components of social behavior.  Infants learn about their environment through oral 
exploration and emotional experiences (both of which can be tied to feeding); therefore it was 
suggested they can better conceptualize the world around them when the ANS and oral motor 
movements are regulated and coordinated (Porges, 2003).  This can have implications on 
communication as well. 
In utero, Arvedson and Brodsky (2002) wrote that the neonate typically maintains 
physiologic flexion (i.e., the fetal position), which, among other things, promotes healthy 
nervous system development.  After the baby is born, physiologic flexion can be observed during 
successful infant feeding.  The typically developing, term infant’s upper and lower extremities 
should naturally gravitate to the midline of the body in a flexed, tucked position and the infant 
should be able to reflexively root, suckle, and coordinate a rhythmic suck-swallow-breathe 
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pattern to feed.  The authors suggested that physiologic flexion facilitates feeding (similar to 
when the infant was in utero), and allows for regulation of the ANS.  Extension, the opposite of 
flexion, is sometimes observed during infant feeding but should alert the mother or caregiver that 
the infant is in distress, which could indicate dysfunction that can impede readiness to feed. 
Cranial nerve dysfunction can negatively impact an infant’s motor function, particularly 
the ability to tolerate prone position (i.e., tummy time).  From a developmental perspective, 
tolerating prone position is critical for learning to elevate the head, build neck strength, push up, 
crawl, and to ultimately become mobile.  When an infant is lying in prone position, the natural 
response is to lift the head and neck, creating an “S” shape curvature of the body.  Infants with 
tethered oral tissue can become uncomfortable or agitated in prone position because of muscular 
and/or fascial tissue tension, resulting in extensor patterns (e.g., high muscle tone).  When this 
occurs, the infant cannot tolerate being on the tummy for short/long periods of time and may 
begin to cry, resulting in repositioning onto his or her back by the mother (or rolling 
independently using the hands and/or weight of the head).  This can promote flexor patterns (i.e., 
the fetal position) when the infant is supine (i.e., on the back).   
Infants may display signs of distress during feeding, including back arching, dyspnea 
(i.e., breathing difficulties), coughing, choking, excessive crying, gagging, anterior oral 
loss/spillage, a noisy/wet vocal quality, prolonged feed times, refusal, fatigue, spit up, and/or 
weight loss (ASHA, 2015; Swigert, 2010).  This cluster of symptoms can affect one or more of 
the different phases of the swallow (i.e., oral, pharyngeal, esophageal) and cause dysphagia (i.e., 
difficulty swallowing).  One characteristic of oral dysphagia is audible, labored gulping; a 
behavior that is qualitatively different from typical audible swallowing.  Normal audible 
swallowing for the breastfeeding infant often occurs during lactogensis (i.e., when the mother’s 
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breast milk comes in) and is thought to be an indicator of adequate milk intake (Riordan, Gill-
Hopple, & Angeron, 2005).  Infant swallowing is typically observable (during movement of the 
infant’s jaw and throat) and becomes more audible as the volume of milk increases.  However, 
when the swallowing becomes labored and embedded within a cluster of oral dysphagia 
symptoms, it can be problematic.  This can be caused by tethered oral tissue.  Therefore, it is 
important to check for tethered oral tissue whenever oral dysphagia is present. 
Other signs or symptoms may not be as apparent as feeding difficulties.  The term “colic” 
is used to describe excessive and uncontrollable fussiness for no apparent reason in an otherwise 
healthy baby.  The cause of colic is not well understood and may be related to numerous factors 
that contribute to infant discomfort or pain, thus some practitioners consider it an umbrella term.  
One source for colic symptoms may be tethered oral tissue.  The signs and/or symptoms of colic 
sometimes resemble those of reflux.  Reflux may be the result of the infant swallowing air while 
feeding.  The infant may vomit or exhibit spit-up through the oral and/or nasal cavities.  Reflux 
may resemble the white milk or formula that was recently consumed by the infant, or may be 
more curdled or mucus-like.  Reflux can result in signs of physical discomfort (e.g., arching, 
extension, flailing, refusal behaviors) but can also go unnoticed (e.g., silent reflux).  The spit-up 
and/or discomfort can result in excessive, uncontrollable crying of the infant.  For example, 
distension of the infant’s stomach, oral/pharyngeal/esophageal burning sensation, hiccups, and/or 
gassiness may cause the infant to exhibit colic-like symptoms resembling reflux. 
Kotlow (2011) presented two case histories in which infants were being treated by their 
pediatricians for reflux who prescribed medications.  Both infants presented with lip and tongue 
ties.  Following revision of both the lip and tongue ties, both infants experienced an immediate 
reduction in symptoms and the need for reflux medication was eliminated.  Kotlow reported that 
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the difficulties were actually caused by a poor latch during feeding that allowed for excessive 
swallowing of air.  When a strong latch is prevented because of lip or tongue tie, the excess air 
causes abdominal distension, belching (i.e., hiccups), and flatulence (i.e., gassiness) that is 
interpreted as “colic.”  If the cause of the colic is not pursued (e.g., pain relief medication is 
dispensed to relieve the symptoms of colic), the tongue tie will go undiagnosed or unrecognized 
as the source of the symptoms. 
Siegel (2016) conducted a retrospective analysis of questionnaire and intake surveys for 
1000 infants who received surgical release of tongue and lip ties.  Inclusion criteria were painful 
breastfeeding, poor lip seal, and infant taking H2 blockers or proton pump inhibitors to reduce 
acid in the stomach.  The author coined the term aerophagia-induced reflux (AIR) to describe 
this cluster of symptoms.  Following release of the lip and/or tongue restrictions, 52% showed 
complete or sufficient reversal of symptoms of reflux to discontinue medication.  An additional 
19.1% improved but still required medication.  Only 28.3% had no change in reflux.  They 
suggested that a relatively simple frenotomy procedure may eliminate or reduce the need for 
medication(s) with potentially significant side effects and should be included in all diagnostic 
and treatment plans.  These studies support the need to understand the functional deficits 
associated with tethered oral tissue and not just rely on physical characteristics. 
Sleep-disordered breathing has also been suggested to be related to tethered oral tissue.  
Infants have long been considered obligate (or preferred) nasal breathers up until the age of 6 
months (Miller et al., 1985).  However, more studies suggest otherwise as evidence supports that 
the airway may become compromised (Bergeson & Shaw, 2001; Daniel, 2006; Rodenstein, 
Perlmutter, & Stănescu, 1985).  Infants are certainly capable of breathing through the mouth for 
a short period of time, but this can negatively affect respiratory efficiency (Miller et al., 1985) 
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and is considered a pathological condition.  Mouth breathing may be the result of upper airway 
obstruction, hypotonic facial musculature, or habit (Hitos, Arakaki, Solé, & Weckx, 2013; 
Martins et al., 2014).  Tethered oral tissue may be associated with subsequent mouth breathing 
due to incorrect lingual posture (Dezio et al., 2015), which has been associated with atypical 
oral-facial development (Martins et al., 2014).  Mouth breathing can also negatively impact head 
position (May & Chun, 1948) and posture of the cervical spine (Dezio et al., 2015). 
Huang, Quo, Berkowski, and Guilleminault (2015) conducted a retrospective study of 27 
pre-pubertal children (age 2-16 years) with tongue tie who were currently demonstrating 
obstructive sleep apnea (OSA).  Evaluation revealed all of the subjects exhibited enlarged 
adenotonsils and/or orofacial growth abnormalities.  These growth differences are known to be 
present with tongue tie because the short frenulum modifies the position of the tongue and 
impairs orofacial development (Moss-Salentijn, 1997).  These may include dental problems such 
as a crossbite, disproportionate growth of the mandible, reduced oral cavity size, a high and 
narrow hard palate, and abnormal growth of the maxilla.  These orofacial changes lead to 
abnormal anatomic support of the upper airway, a flexible tube that is at risk for collapse during 
sleep because of changes in muscle tone. 
All of the children in this study had abnormal orofacial anatomy including a small oral 
cavity size and a high, narrow hard palate.  None of the children or parents were aware of the 
short lingual frenulum despite histories of feeding or swallowing difficulties and speech therapy 
early in life.  Referrals were made for tonsillectomy and adenoidectomy (T&A) and all were 
referred for frenectomy.  Thirteen of the children had frenectomies but 14 did not, despite 
recommendations.  The follow-up results showed that those with T&A without frenectomy had 
an improved apnea-hypopnea index (AHI), but abnormal breathing did not resolve.  Similar 
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results were found for subjects with T&A with frenectomy, or frenectomy alone.  The authors 
concluded that short lingual frenulum leads to abnormal orofacial growth early in life and may 
lead to sleep-disordered breathing.  They recommended a frenectomy as early in life as possible, 
but suggested that it may not be sufficient to prevent abnormal facial development because the 
structures develop prenatally. 
The inability for an infant with tongue tie to hold a pacifier in the oral cavity is 
sometimes noted in checklists of characteristics.  Non-nutritive sucking using a pacifier can be 
difficult for infants with tethered oral tissue due to the position of the tongue within the oral 
cavity and associated discomfort (Ghaheri, Cole, Fausel, Chuop, & Mace, 2017).  There are a 
variety of pacifier shapes and sizes available on the market, but research has not been conclusive 
as to which pacifier (if any) is more tolerable for infants with tethered oral tissue.  Pacifier use 
has been studied in relation to shortened breastfeeding duration (Victora, Behague, Barros, 
Olinto, & Weiderpass, 1997) and has been suggested in clinical settings for short-term use 
following surgical intervention for tongue tie. 
The effects of tethered oral tissue extend beyond the immediate and observable 
difficulties associated with breastfeeding and can be lifelong.  We are just beginning to 
understand the consequences, but the growing body of research suggests that the whole child 
needs to be considered when evaluating oral structure and function.  
 
Problems Quantifying Outcomes 
Despite the positive outcomes, surgical intervention for the treatment of tethered oral 
tissue remains controversial.  Inconsistencies in both assessment and treatment have resulted in 
contradictory or inconclusive intervention outcomes.  Objective and subjective measurements are 
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used to evaluate tethered oral tissue, but administration, scoring, classification, and interpretation 
vary.  Providers can opt to use certain assessments over others, resulting in findings that can 
differ from one provider or field to another.  Subjective judgments will also differ based on the 
knowledge and experience of the evaluator.  Moreover, co-interventions may exist. 
One of the most basic problems associated with the controversy is that there is no 
standard definition for tethered oral tissue.  The physical characteristics and functional 
limitations are often described together or individually during assessment, but this leaves room 
for wavering interpretation.  In addition, terms such as tongue tie and ankyloglossia are used 
interchangeably to describe tethered oral tissue, which can result in confusion since some 
protocols include lip ties under these terms while others do not.  Assessment procedures and 
treatment plans vary within and across providers.  Some assessments emphasize anatomic 
appearance, whereas others emphasize physiologic function.  Newer assessments have begun to 
emphasize both appearance and function, but have not been adopted by all clinical providers.   
Providers who only assume tethered oral tissue is marked by obvious, visible restriction 
can miss the underlying (although sometimes obvious) functional deficits.  Thus, it is imperative 
that the provider performing the assessment and/or treatment also have a thorough understanding 
of developmental milestones and can differentiate typical oral function from dysfunction.  A 
thorough understanding by the provider is subjective because basic knowledge of infant anatomy 
and physiology, as well as developmental milestones, is not standard across disciplines.  
Appropriate assessment should lead to the most appropriate treatment. 
In an effort to develop a reliable and valid screening procedure to differentiate typical 
oral function from dysfunction, Yoon, Zaghi, Weitzman, Ha, Law, Guilleminault, and Liu (2017) 
conducted a study to identify the normal and abnormal ranges of tongue mobility that resulted in 
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a simple grading scale for screening functional assessment in children and adults.  Measurements 
were taken from 1052 subjects including 140 children (6-11 years), 436 adolescents (12-17), 385 
young adults (18-35), 84 adults (36-64), and 7 seniors.  Of these, 40 exhibited tongue tie 
including 7 children, 14 adolescents, 10 young adults, and 9 adults.  Measures were taken of size 
of mouth opening, mouth opening with tongue touching behind front teeth, and length of tongue 
during full extension.  Calculations between these were used to determine tongue range of 
motion and range of motion ratio. 
As expected, mouth opening and tongue size depended on factors such as age, gender, 
height, weight and ethnicity.  The range of motion derived from the ratio between mouth opening 
and mouth opening with tongue behind teeth was found to be directly associated with restrictions 
in tongue function and therefore this measure was recommended as an initial quick screener for 
tongue tie.  While further study is needed to establish the validity of the ratios across 
populations, it marks an important step in norming the continuum from typical oral function to 
dysfunction. 
This study, however, did not include newborns and infants to determine early functional 
deficits and the tasks required for the assessment cannot be performed on command by infants.  
In addition, analysis was only based on “clinically significant” ankyloglossia, a judgment that 
can vary from provider to provider.  Further, clinically significant ankyloglossia typically refers 
only to an anterior tongue tie that is visibly apparent and does not include posterior classification.  
To date, most studies for infants have relied on the measurement of symptoms or 
behaviors associated with tongue tie to measure oral function.  There is no standard assessment 
protocol for classifying tethered oral tissue and even the most widely used assessments fail to 
include all types of restrictive oral tissue (tongue, lip, and cheek).  Segal, Stephenson, Dawes, 
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and Feldman (2007) conducted a review of studies across various aspects of ankyloglossia in 
infants and found no consistent or well-validated criteria for establishing a diagnosis of 
ankyloglossia or differentiating types.  This resulted in prevalence reported by different studies 
ranging from 4% to 10%.  They recommended that valid and reliable diagnostic criteria be 
developed to allow for comparative studies of treatment. 
 
How to Assess Tethered Oral Tissue 
Medical professionals, including pediatricians, otolaryngologists (ENTs), dentists and 
pediatric therapists such as speech-language pathologists (SLPs), International Board Certified 
Lactation Consultants/Certified Lactation Consultants (IBCLCs/CLCs), occupational therapists 
(OTs), Certified Orofacial Myologists (COMs), and physical therapists (PTs) assess the effects 
of tethered oral tissue and other OMDs in infants and children by completing a comprehensive 
evaluation.  Evaluations are typically completed when symptoms or concerns are present, such as 
difficulty breastfeeding, rather than being routine for all infants.  A thorough evaluation will help 
determine the most appropriate treatment plan.  The treatment plan may be within the provider’s 
scope of practice or may require a referral to a specialist.  The evaluation should ultimately 
include three key components: assessment of the oral-peripheral structure, visibility of the 
restrictive tissue, and description of the functional limitations (Kotlow, 2015).   
Assessment of the oral-peripheral structure.  An oral-peripheral examination includes 
visual inspection and clinical observation of the lips, tongue, palate (hard and soft), uvula, gums, 
teeth (where appropriate), cheeks, and visible tissue of the tonsils and adenoids.  Further notation 
is made regarding: respiratory status, presence of muscular tension, cranial nerve function, vocal 
quality, and a hyper- or hypo- sensitivity to the environment.  Subjective evaluation of structure, 
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range of motion (ROM), strength, endurance, and sensation is traditionally conducted in 
conjunction with other forms of standardized or normative assessment.  Supplementary notation 
provides a more detailed assessment of the child’s anatomy and physiology via observation 
and/or elicitation.  Typical versus atypical anatomic presentations of size, shape, and adequacy of 
function are judged and recorded during evaluation.  Overall, assessment is intended to 
determine structural integrity and is considered routine for speech-language pathologists.   
Visibility of restricted tissue.  As part of a comprehensive evaluation, visibility (i.e., 
appearance) of restrictive tissue refers to simply how it looks based on points of attachment (i.e., 
where it originates) and insertion.  Point of attachment for tethered oral tissue refers to an 
immobile structure and point of insertion is a more mobile (or flexible) structure.  The tongue, 
for example, contains tissue that is attached to the floor of the mouth and inserts to the 
underbelly of the tongue; the point of attachment is the floor of the mouth and the insertion point 
is the tongue.  Appearance is typically classified using the diagnostic rating criteria from either 
Kotlow (1999) or Coryllos, Genna, and Salloum (2004).  Both sets of criteria are limited to only 
the restrictive frenular tissue of the upper lip and tongue and are based on two-dimensional 
photographs with brief descriptions.   
Classification systems.  Kotlow (1999) organized the visibility of the tissue insertion 
point on a scale of I-IV for labial and lingual frenula.  For labial tissue, Class I indicates minimal 
visible tissue that inserts into the gingival tissue of the gum, whereas Class IV indicates more 
visible tissue that inserts into either the maxillary papilla or hard palate.  Class II and III labial 
tissues are described in greater detail in Table 1.  For the lingual tissue, Class I is the most 
posterior tissue insertion and Class IV is the most anterior tissue insertion.  A Class I lingual 
restriction may require palpation of the tongue with gloved fingers to observe elevation.  A Class 
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IV lingual restriction is the most visible type of attachment and the easiest to photograph.  A 
Class IV lingual restriction is synonymous with “severe ankyloglossia” in the literature.  
Variability exists in the appearance of labial and lingual restrictions; therefore, Class II and III 
criteria are described in specific anatomical detail (i.e., sublingual frenular attachment at the 




Table 1. Kotlow Diagnostic Criteria for Classification of Tongue and Lip Tie 
 Class I Class II Class III Class IV 
Lip Minimal visible 
frenular tissue 
that inserts above 
the gingival 
tissue of the 
gum. 
Frenulum inserts 
primarily into the 
gingival tissue of 
the gum. 
Frenulum inserts 
just above the 
anterior papilla. 
Frenulum inserts 
into the hard 








attachment in the 
posterior area; 
may not be 
obvious and only 
palpable.  





distally into the 









into the midline 
in the anterior 
area creating a 
hump and/or 
cupping of the 
tongue. 




Total tongue tip 
involvement with 
extremely 





(< 3 mm of free 
tongue 
movement). 
Note. Kotlow Classification Labial Frenulum from “Ankyloglossia (Tongue-Tie): A Diagnostic and Treatment 
Quandary,” by L. A. Kotlow, 1999, Quintessence International, Volume 31, p. 276-278. Copyright 1999 by the 
Quintessence Publishing Company Inc. Adapted with permission.  
 
 
Coryllos and colleagues (2004) utilized a similar I-IV scale with comparable language for 
descriptions (Table 2).  For the labial tissue, the descriptive criteria are synonymous with the 
Kotlow (1999) criteria described in Table 1.  For the lingual tissue, the criteria are detailed in 
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reverse from the Kotlow (1999) guidelines, where a “Type 1” restriction indicates a more 
anterior insertion point and a “Type 4” restriction indicates a more posterior insertion point.  
“Type 2” and “Type 3” restrictions are also detailed in reverse from the Kotlow (1999) criteria 
with similar descriptions provided for each.  A “Type 2” restriction indicates an anterior 
insertion near the tip of the tongue that is on or behind the mandibular alveolar ridge.  A “Type 
3” restriction indicates a posterior insertion point mid-tongue.  In practice, the availability and 
implementation of the scales has created confusion and a lack of consistency.  Some providers 
utilize one scale, while some providers use the other.  Familiarity with one or both scales is 
necessary to determine the degree of visibility and the scale should be specified in any 
documentation.  Moreover, variation in tissue thickness and width has resulted in discrepancies 




Table 2. Coryllos el al. Diagnostic Criteria for Classification of Tongue and Lip Tie 
 Type 1 Type 2 Type 3 Type 4 
Lip 
Minimal visible 
frenular tissue that 
inserts above the 
gingival tissue of 
the gum. 
Frenulum inserts 
primarily into the 
gingival tissue of 
the gum. 
Frenulum inserts 
just above the 
anterior papilla. 
Frenulum inserts 
into the hard 




Total tongue tip 
involvement; 
frenulum inserts 
into the tip of the 





2-4 mm behind 
the tip of the 
tongue in anterior 









at the base of the 




Note. Coryllos et al. Diagnostic Criteria for Classification of Tongue and Lip Tie from “Congenital Tongue-tie and 
its Impact on Breastfeeding,” by E. Coryllos, C. W. Genna, and A. C. Salloum, 2004, Breastfeeding: Best for 
Mother and Baby, Summer Newsletter, p. 1-6. Copyright 2004 by the American Academy of Pediatrics. Adapted 
with permission.  
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The Kotlow (1999) and Coryllos et al. (2004) classification systems have not been found 
to be valid or reliable.  The Kotlow (1999) upper lip tie classification, in particular, was shown to 
have poor intra- and inter-rater reliability (Santa Maria et al., 2017).  This was suggested to be a 
result of overlap between Classes II and III.  Both classification systems are considered 
“popular” and frequently used to describe tethered oral tissue clinically and in the literature.  
Tethered oral tissue should not be diagnosed based on visibility alone, though the 
aforementioned classification systems do not contain specific functional criteria.  Validity and 
reliability of these visual classifications have not been empirically studied and are considered 
poor. 
Functional assessments. The final key component of a comprehensive evaluation for 
infant tethered oral tissue is description of the functional limitations, including ROM for the oral 
structures.  This is arguably the most important part of the evaluation, though it can be difficult 
depending on the infant’s age and/or development.  The functional assessment is completed to 
determine how the restricted oral tissue negatively impacts ROM; therefore the diagnosis of 
tethered oral tissue is more aptly based on functional limitations (i.e., symptoms).  For labial 
movement, ROM includes the ability to flange, pucker, and approximate the upper and lower 
lips.  For tongue movement, ROM includes lingual lateralization (i.e., left and right movement), 
elevation, cupping, creation of peristaltic wave-like contractions, and outward protrusion.  For 
cheek movement, ROM includes activation (i.e., mobility) during suction.  
Isolated and coordinated movements during feeding and swallowing (where appropriate) 
should be recorded in detail.  The ability to perform isolated movements with the lips, tongue, or 
cheeks may differ from the ability to perform the same movements in a functional, coordinated 
sequence (Sawczuk & Mosier, 2001).  Thus, observation of the infant at breast or with a bottle 
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should be completed.  Central pattern generators located in the medulla and pons in the 
brainstem coordinate motor and sensory signals into rhythmic and patterned behaviors (Dellow 
& Lund, 1971; Dinardo & Travers, 1994; Jean, 1984; Nakamura & Katakura, 1995; Westburg, 
Clavelou, Sandström, & Lund 1998; Wiesenfeld, Halpern, & Tapper, 1977).  Rhythmic 
behaviors may include sucking, swallowing, and breathing.  Current understanding of neural 
control as it relates to tongue movement is limited owing to the complex nature of orofacial 
behaviors, but researchers have suggested that disruption in the neural control of tongue 
movement can impede the function of rhythmic behaviors (Fernando, 1998; Sawczuk & Mosier, 
2001).  
 
Variations in Surgical Treatment 
Another problem is that a range of treatment strategies for tethered oral tissue exist.  For 
example, the frenulum may be released surgically using a variety of instruments such as scissors, 
electrocautery (i.e., thermal cautery using a heated electrode), a heated scalpel, or a laser.  
Frenectomy, frenotomy, frenulectomy, frenulotomy, and frenuloplasty are all used 
interchangeably in the literature for tongue tie release (or revision).  Frenectomy and 
frenulectomy (synonymous with frenulotomy) are most often associated with a laser “release” 
and exact precision.  A frenotomy, however, is most often associated with clipping or cutting 
using scissors.  Frenuloplasty involves surgical alteration or rearrangement of the lingual 
frenulum using a laser and often requires stitches.  The knowledge and expertise of the 
professional wielding the surgical instrument will vary.  The professional performing the 
frenectomy is typically a dentist (DDS/DMD), otolaryngologist (ENT), or medical doctor (MD).   
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Studies describing the functional sequelae of tethered oral tissue have increased 
recognition of the potential benefits of surgical intervention on breastfeeding, but have not 
included all aspects of oral function.  Knowledge of typical oral function versus dysfunction is 
critical to obtaining an overall view of the scope of behaviors potentially affected beyond 
breastfeeding.  Moreover, there is a growing interest in evidence regarding intervention 
outcomes and maternal attitudes related to treatment (e.g., objective evaluation of total feeding 
time, time between feeds, total number of hours slept per night).  This study will add to the 
current literature by describing changes in multiple aspects of oral function, movement patterns, 
and breastfeeding in an infant population following surgical intervention for tethered oral tissue. 
Unlike previous studies that conducted follow-up using a phone interview, this study will obtain 
data through direct observation of the structural and behavioral changes using the same 
instruments pre-operatively along with a parent questionnaire.  It will also provide insight into 
maternal attitudes regarding treatment outcomes.  The effects of supplemental therapeutic 
intervention following frenectomy also will be explored. The questions of the study include:  
 
1. What aspects of oral function improve following surgical intervention? 
 
2. What aspects of maternal breastfeeding complications improve following the infant’s 
surgical intervention? 
3. Does a relationship exist between visibility of restricted oral frenula and presentation of 
symptoms for the breastfeeding infant and mother?  
4. What factors determine whether dyads participate in supplemental therapeutic 
intervention following frenectomy? 
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5. What are parent perceptions regarding the value of surgical intervention and 
supplemental therapeutic intervention? 
6. Do children with tethered oral tissue and breastfeeding problems also show problems 






 A descriptive research design was used for this study to investigate the impacts of 
tethered oral tissue on oral function in breastfeeding mother-infant dyads before and after 
elective surgical intervention using an extremely distinct laser.  The quantitative components 
included formal assessment measures, a questionnaire using Likert ratings, and statistical 
analysis of the results.  The qualitative component was comprised of individual maternal 
interviews using a content analysis of verbal responses.  The focus was to gather information and 
gain pertinent insight using a relatively small sample size.  Anatomic structure, physiologic 
function, and maternal perceptions of the breastfeeding dyad were measured and compared for 
their effect on oral function.  Appearance (structure) and function were assessed using various 
objective and subjective test instruments to determine oral functioning in conjunction with 
maternal report and observation during the initial evaluation.  A questionnaire was used to 
further assess oral function and maternal perceptions related to breastfeeding and overall oral 
function at pre-/post-test.  The posttest questionnaire also included several questions related to 
post-operative therapeutic intervention and care.  Finally, the strength of the relationship between 
pre- and post-operative oral function and maternal perceptions related to breastfeeding were 
examined.  The strength of the relationship between pre- and post-operative oral function and 
maternal perceptions was explored following elective surgical intervention to determine if 
frenectomy made a significant contribution to the breastfeeding dyad.  Furthermore, the role and 
maternal perceptions of therapeutic aftercare were also studied.  All infants enrolled in the study 
underwent surgical treatment without complication for the release of both upper lip-tie and 
tongue-tie; no participants in this study underwent release for buccal tissue(s).  None of the 
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infant participants required corrective surgical treatment (i.e., a second frenectomy) for frenular 
tissue during the study.   
 
Participants 
Participants were recruited from all mother-infant breastfeeding dyads referred for 
evaluation for frenectomy (i.e., surgical release of restricted oral tissue) at a small private dental 
practice in southeastern Louisiana.  Participants were referred by a community lactation 
consultant, speech-language pathologist, and/or pediatrician based on persistent feeding 
difficulties, a previous family history of feeding difficulties, and/or previous family (sibling) 
history for diagnosis of tethered oral tissue.  Persistent feeding difficulties were described as 
disruptive feeding and swallowing behaviors that did not improve over time or after receiving 
lactation and/or feeding support.  To qualify for the study, the dyad must have worked with a 
lactation consultant for one or more sessions to address breastfeeding problems using 
compensatory latch and positioning strategies during feeding and to address the mother’s breast 
milk supply.   
 The participants included 16 infants that ranged in age from one and a half weeks to two 
and a half months (x̅ = 6.19 weeks) and their biological mother.  Participants included 11 males 
and five females from Caucasian backgrounds (see Table 3).  Twelve of the infants were born 
vaginally and four were born via Cesarean delivery.  Three of the infants that were born via 
vaginal delivery required induction due to hypertension (i.e., high blood pressure).  Five of the 
16 participants were reported to have initial weight gain concerns in the weeks shortly after birth, 
which could be attributed to poor feeding skills.  To be included in the study, infant participants 
must have been (a) born ≥ 37 weeks, 6 days gestation; (b) currently breastfeeding; and (c) ≤ 6 
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months of age.  Infant participants were not included in the study if the child had (a) a previous 
developmental diagnosis; (b) a life-threatening comorbid condition; (c) previous treatment for 
tethered oral tissue by another provider; (d) been diagnosed with hearing and/or vision 
impairment; or (e) been born from multiple births.  Mothers were not included in the study if 
there was a previous history of breast surgery (augmentation or reduction) or insufficient 
















1 40 6.5 F Caucasian 8 lbs. 3 oz. 10 lbs. 3 oz. Vaginal 
2 41 4 F Caucasian 7 lbs. 15 oz. 10 lbs. 1.5 oz. Vaginal 
3 38 7 F Caucasian 8 lbs. 0 oz. 10 lbs. 3 oz. Vaginal 
4 39 7 M Caucasian 8 lbs. 11 oz. 10 lbs. 2.5 oz. 
Vaginal 
Induced 
5 40 6 F Caucasian 7 lbs. 14 oz. 11 lbs. 1 oz. 
Vaginal 
Induced 
6 40 7.5 M Caucasian 8 lbs. 11 oz. 11 lbs. 4 oz. 
Vaginal 
Induced 
7 39 2.5 M Caucasian 8 lbs. 1 oz. 8 lbs. 15 oz. Cesarean 
8 39 7.5 M Caucasian 8 lbs. 0 oz. 8 lbs. 11 oz. Vaginal 
9 40 5.5 M Caucasian 8 lbs. 0 oz. 8 lbs. 6 oz. Cesarean 
10 38 8 M Caucasian 6 lbs. 0 oz. 7 lbs. 1 oz. Cesarean 
11 40 1.5 M Caucasian 7 lbs. 8 oz. 8 lbs. 1 oz. Vaginal 
12 41 9 F Caucasian 7 lbs. 11 oz. 11 lbs. 2 oz. Vaginal 
13 40 6 M Caucasian 7 lbs. 8 oz. 10 lbs. 11 oz. Cesarean 
14 39 10 M Caucasian 6 lbs. 14 oz. 11 lbs. 9 oz. Vaginal 
15 39 7.5 M Caucasian 8 lbs. 15 oz. 12 lbs. 6 oz. Vaginal 
16 39 3.5 M Caucasian 7 lbs. 13 oz. 9 lbs. 10.5 oz. Vaginal 
Note. G.A. = Gestational Age; C. A. = Chronological Age; F = Female; M = Male. 
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1 29 Caucasian College Married 3 
2 37 Caucasian College Married 3 
3 28 Caucasian College Married 2 
4 35 Caucasian College Married 1 
5 32 Caucasian Some College Married 1 
6 31 Caucasian College Married 2 
7 33 Caucasian College Married 2 
8 27 Caucasian College Married 2 
9 31 Caucasian College Married 2 
10 34 Caucasian College Married 3 
11 32 Caucasian College Married 1 
12 30 Caucasian Some College Married 1 
13 28 Caucasian College Married 1 
14 27 Caucasian College Married 1 
15 25 Caucasian College Married 2 
16 32 Caucasian MD Married 1 
Note. Education indicates highest level of education obtained by the infant participant’s mother. 




All recruiting and assessments were conducted at a private dental practice owned by a 
Doctor of Dental Surgery (DDS) with 13 years of experience.  All comprehensive evaluations 
were completed in a quiet, private room adjacent to the dental practice.  The room was equipped 
with a table and chairs, glider rocking chair with ottoman, padded floor mat, window, and dim 
lighting.  The padded floor mat was used to observe infant movement patterns, particularly prone 
positioning.  Standard materials for each evaluation included sterile purple Nitrile gloves, sterile 
Uline surgical masks, and electronic tablet with Internet access.  The tablet was used to provide 
supplemental audiovisual caregiver education regarding post-operative oral wound management.  
Optional comfort measures with syringes were available for each evaluation, per maternal 
request, and included a 5.0 mL sugar-water solution and Acetaminophen (i.e., Infant Tylenol 160 
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mg per 5 mL).  Tylenol doses were based on the participant’s weight during the initial 
comprehensive evaluation using dosage guidelines suggested by the American Academy of 
Pediatrics (AAP, 2017).  The evaluation room was equipped with a Seca hospital grade scale that 
was used to record the weight of each participant.  Blankets, towels, diapers, wipes, and/or a 
breastfeeding pillow were available upon request.     
All elective frenectomy procedures were completed in a sterile, laser-safe surgical suite 
located in the dental office, separate from the private evaluation room.  The DDS completed 
specialized, hands-on training six years prior to learn how to perform this particular surgical 
intervention technique for tethered oral tissue.  The frenectomy procedure, including transit and 
preparation time, lasted approximately five minutes.  Only the frenular tissue of the upper lip and 
the tongue were released using the laser.  Actual laser time for each frenulum site required 
approximately 10-20 seconds.  The remainder of the time in the surgical suite was devoted to 
comforting the participant.  The participant’s mother remained in the private evaluation room or 
was given the option to watch the procedure through a window. 
 
Measures  
The comprehensive evaluation was comprised of the following: a parent interview, seven 
measures of physical structure and function, an observation of infant feeding, a weight check, a 
checklist of symptoms for both the infant and mother, and a questionnaire.  All measures were 
administered at pretest.  On average, the evaluation required approximately 60 minutes to 
complete. 
Maternal Interview. Maternal report of the participant’s perinatal, birth, medical, and 
developmental history was obtained in an interview format during the evaluation.  Information 
 44 
such as maternal illness during pregnancy, delivery type (e.g., vaginal, Cesarean, or other), 
interventions and/or trauma experienced during labor/delivery (e.g., induction, vacuum assist, 
use of forceps, excessive bleeding, bruising, discoloration, etc.), the duration of labor, 
positioning, and medication usage were recorded.  Details regarding the initiation of feeding, 
skin-to-skin contact, lactation support, and pain/discomfort shortly after birth were also 
collected.  History related to feeding, swallowing, digestion, diaper output, breathing, sleep, and 
oral-motor ability were recorded in detail by the clinician.  Information was also collected to 
determine if there was a family history of speech and/or feeding difficulties.  If the participant 
was not an only child, information was collected for each sibling regarding speech, feeding, 
and/or previous treatment for tethered oral tissue.   
LATCH Tool. The LATCH Tool (Jensen, Wallace, & Kelsay, 1994) was used to assess 
five domains: latch, audible swallowing, nipple type, comfort, and hold (position) during infant 
breastfeeding (Appendix C).  Each domain was rated using a numerical score of “0,” “1,” or “2,” 
with a maximum total score of “10.”  Higher scores indicated a better latch overall.  The 
instrument did not specifically assess tethered oral tissue in relation to anatomical structure and 
physiologic function during breastfeeding but may be reflected in lower scores.   
Assessment Tool for Lingual Frenulum Function (ATLFF). The ATLFF (Hazelbaker, 
1993) was used to assess severity of tongue tie.  It is comprised of five “Appearance” and seven 
“Function” criteria (Appendix D).  Appearance items include (a) appearance of tongue when 
lifted (e.g., rounding, clefting, heart-shaped); (b) elasticity of the frenulum; (c) length of lingual 
frenulum when tongue is lifted (greater than or equal to one centimeter); (d) attachment of the 
lingual frenulum to tongue; and (e) attachment of the lingual frenulum to the inferior alveolar 
ridge.  Function items include (a) lateralization; (b) lift of the tongue; (c) extension of the tongue; 
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(d) spread of the anterior tongue; (e) cupping (e.g., entire tongue or side edges); (f) peristalsis 
(e.g., complete, partial, or none); and (g) snapback of the tongue (e.g., frequent, periodic, or 
none).  Each item was rated using a numerical score of “0,” “1,” or “2.”  A perfect Function 
score of “14”, regardless of Appearance score, may indicate surgical treatment is not warranted.  
A score of “11” is an acceptable Function score only if Appearance score is “10.”  A Function 
score “<11” indicates function is impaired and frenotomy (or frenectomy) should be considered 
if management fails.  Frenotomy (or frenectomy) is necessary if Appearance score is “< 8.”  The 
author of the assessment has suggested that the full version of the ATLFF has been useful for 
identifying infants who would benefit from having the frenulum revised (since both appearance 
and function are assessed).  The shortened version has been used in clinical and research settings 
only to assess appearance of the tongue, but severity of tongue tie should not be evaluated by 
appearance only.  As part of a full, functional feeding assessment, both structure of the tongue 
and overall oral function should be detailed.  The assessment was used in conjunction with other 
assessments because it did not include sections for the frenular tissue of the lip and/or cheeks. 
Lingual Frenulum Protocol with Scores for Infants. The Lingual Frenulum Protocol 
with Scores for Infants (Martinelli, Marchesan, & Berretin-Felix, 2012) was used to evaluate 
lingual structure and specific functions of the tongue related to sucking and swallowing during 
breastfeeding.  In the two-part assessment, the infant’s clinical history was evaluated in 
conjunction with a hands-on clinical examination (Appendix E).  Part one included information 
regarding lingual shape, fixation, thickness, movement, and overall function that was collected 
and then recorded using a score of “0,” “1,” “2,” or “3.”  Subjective judgments and numerical 
objective ratings were summed to reveal a total score.  If the total sum was greater than “9” 
(worst score being “12”), the lingual frenulum was considered altered (i.e., “restricted”).  Part 
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two of the assessment provided an in-depth analysis of infant sucking and visual cataloguing of 
anatomical presentation using photographs.  The assessment specifically examined tongue 
function and did not include sections for the frenular tissue of the lip and/or cheeks. 
 Diagnostic Criteria for Classification of Upper Lip Tie and Tongue Tie. The 
Diagnostic Criteria for Classification of Upper Lip Tie and Tongue Tie (Kotlow, 1999) and the 
Diagnostic Criteria for Classification of Upper Lip Tie and Tongue Tie (Coryllos, Genna, & 
Salloum, 2004) were both used to organize the visibility of the insertion points for the tethered 
oral tissue of the infant.  The Kotlow (1999) criteria utilizes a scale of Class I-IV for the frenular 
tissue, whereas the criteria from Coryllos and colleagues utilizes a scale of Type 1-4.  Both 
scales utilize similar language, but the descriptions for the restrictive frenular tissue vary.  Both 
classification systems were used to reflect the comprehensive nature of assessment in this study.   
Yes/no Judgment for Buccal Restrictions. Since no formal assessment exists to 
evaluate the appearance or function of tethered buccal tissue, a simple yes/no judgment was 
utilized in this study.  Subjective judgment was based on visibility and elasticity of the soft tissue 
membrane (i.e., whiteness and/or blanching of the tissue when elevated).  Tethered buccal tissue 
is typically noted bilaterally, but some participants presented with unilateral restriction.  If a 
participant presented with unilateral or bilateral buccal restriction(s), a “yes” judgment was 
recorded.  A “no” judgment was recorded only when there was no visible tissue (or blanching) 
attaching the cheek wall to the gingival tissue of the mandibular gum.   
Oral-Peripheral Examination and Sucking Assessment. An oral-peripheral 
examination was conducted using gloved fingers to note visible characteristics of the oral cavity.  
The clinician noted any notching and/or blanching (whiteness) of the oral frenula (a) at the 
maxillary bony alveolar ridge, (b) under the tongue, and (c) in each of the lateral buccal cavities 
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upon elevation.  Additional structural deviations of the oral cavity were also noted.  
Characteristics of the palate were noted subjectively with a gloved finger in relation to width and 
height (e.g., U-shaped, high/vaulted, bubble).  The clinician provided notation regarding the 
presence of open mouth posture in supine and prone positions at rest.  A description of the 
infant’s coloration (i.e., skin pigmentation) was recorded to note any changes at rest, during 
feeding, and in prone position.  A suck assessment was completed using a gloved finger to 
characterize labial seal, suction, pressure of the tongue along the finger, and the ability of the 
tongue to cup the finger in a wave-like motion (i.e., undulation) during non-nutritive sucking.   
Observation. Mothers were encouraged to feed their infant during the comprehensive 
functional evaluation, when possible.  Feeding included breastfeeding, bottle-feeding, and/or 
other alternative methods as needed (e.g., tube, syringe, cup).  It was important for the clinician 
to observe natural feeding behaviors and record important details from start to finish.  
Descriptions of feeding position(s), hunger cues, latch, overall appearance of the dyad, and total 
feed time were recorded.  The clinician completed a weighted feeding for each participant (i.e., 
the infant’s weight was recorded using a hospital-grade scale at the start and end of the feeding).  
This was particularly helpful for breastfeeding dyads to determine how many ounces were 
consumed and total feed time.  The infant was also observed in prone position on a sterile padded 
floor mat.  The clinician detailed the infant’s cranial elevation, rotation, and lateralization with 
and without assistance.  Hyper-salivation (i.e., drooling), whole body tightness/tension, visual 
tracking, and whether or not the infant was particularly fussy during prone position were also 
recorded.   
Symptom/Complaint Checklist. Symptoms and/or complaints of the mother and infant 
during breastfeeding as well as frequency of presentation for each were recorded using the 
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researcher-developed checklist (Appendix F).  For example, the mother indicated history of sore 
nipples, breast engorgement, and/or low milk supply using the checklist.  Information related to 
infant feeding, sleep, breathing, and gastrointestinal gut health was also recorded.  Responses to 
questions and statements on the checklist required an “X” or check mark.  Space was provided 
for free response and/or additional information.  
Questionnaire. A researcher-developed questionnaire using a five-point Likert scale was 
used during pre-/post-testing to record maternal responses to statements about oral function.  Six 
pre-coded responses were provided to allow the mother to express how much she agreed or 
disagreed with a particular statement.  The mother also had the options of “Not Sure” and “N/A” 
if the statement did not apply to the dyad.  The questionnaire at pretest (Appendix G) contained 
44 statements to respond to, whereas the questionnaire at posttest (Appendix H) contained the 
same 44 statements and four additional questions related to post-operative wound management 
and supplemental aftercare therapy.   
 
Procedures 
Informed Consent. The majority of the evaluation measures are part of the diagnostic 
procedure routinely used at the DDS clinic when evaluating infants for the frenectomy 
procedure.  The comprehensive evaluation for this study was conducted by a speech-language 
pathologist (SLP) with at least three years of experience in pediatric feeding and swallowing who 
held a certificate of clinical competence (CCC) from the American Speech-Language Hearing 
Association (ASHA).  The clinician’s scope of practice, according to ASHA (2015), allows for 
evaluation and clinical description of oral dysfunction in relation to feeding, swallowing, and/or 
myofunctional disorder(s).  Upon completion of the comprehensive evaluation, 
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recommendations were communicated to the DDS who made the medical decision and/or 
recommendations regarding surgical intervention treatment.  If the decision was made by the 
mother to have the surgical procedure performed, the mother-infant dyads who met the criteria 
were informed about the study and invited to participate.  Those who agreed signed informed 
consent forms and completed additional assessments. 
Evaluation. The comprehensive functional evaluation included formal objective 
assessments, including: the LATCH Tool, the Assessment Tool for Lingual Frenulum Function 
(ATLFF), and the Lingual Frenulum Protocol with Scores for Infants.  It included subjective 
assessment of the visible frenular tissue, an oral-peripheral examination, sucking assessment, 
maternal interview, weight check, and observation.  In addition, the evaluation utilized one 
researcher-developed symptom/complaint checklist and one researcher-developed maternal 
questionnaire.  
The comprehensive functional evaluation began with a maternal interview prior to any 
formal testing or observation.  The interview provided an in-depth summary of specific 
symptoms/complaints of the dyad during breastfeeding.  Information was also recorded 
regarding perinatal development, birth history (e.g., gestational age, delivery type, weight, any 
complications), and family history of speech/feeding concerns.  Previous family history concerns 
also included any diagnoses for tethered oral tissue for siblings and/or parents.  Oral function 
information related to feeding, sleep, breathing, gastrointestinal concerns, and overall movement 
was also recorded.  Responses were recorded using a checklist and/or via freehand notation.   
Next, three assessments were administered to participants by the clinician.  These 
instruments assessed positioning as well as specifics related to structure and function of the oral-
peripheral mechanism.  Assessments were individually administered in a quiet room in the same 
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order for all participants to avoid bias.  The LATCH Tool was administered first to assess overall 
latch characteristics, audible swallowing, nipple type, comfort, and hold (position) during infant 
breastfeeding.  This assessment was administered first to assess breastfeeding difficulties from a 
general human lactation and positioning perspective without having to examine the oral cavity of 
the infant.  The Assessment Tool for Lingual Frenulum Function (ATLFF) was then 
administered to assess the appearance and function of the tongue in isolation.  This assessment 
required the clinician to complete an inspection of the oral cavity using gloved fingers with 
palpation (i.e., upward lifting with the index finger(s) as needed.  The ATLFF was not used to 
assess ability to breastfeed.  Finally, the Lingual Frenulum Protocol with Scores for Infants was 
administered to assess the structure and function of the tongue in relation to sucking and 
swallowing dynamics during breastfeeding.  Since a comprehensive clinical history was reported 
during the maternal interview at the start of the evaluation, the second half of this assessment 
was emphasized to examine lingual shape, fixation, thickness, movement, and overall function 
and then recorded using a score of “0,” “1,” “2,” or “3.” 
Next, the clinician performed an oral-peripheral examination using gloved fingers.  The 
clinician and the mother faced each another in a knee-to-knee seated position, with the infant 
placed supine (i.e., on the back facing upward) with the cranium closest to the clinician. This 
positioning allowed the clinician to observe the infant’s oral-peripheral mechanism optimally.  
The clinician wore a sterile surgical mask and LED headlamp for illumination.  Notation was 
made regarding any structural deviation, asymmetry, and pigmentation within the oral cavity.  
Using the left and right index fingers, the clinician elevated the superior maxillary labial (upper 
lip) to observe the frenulum.  Using the Kotlow (1999) and the Coryllos et al. (2004) diagnostic 
criteria for classifications for upper lip tie, notation was made regarding the insertion point of the 
 51 
frenulum from the superior maxillary labial to the gingival tissue, anterior papilla, or hard palate.  
Next, the clinician used the left and right index fingers to elevate the lateral margins of the 
tongue in an anterior-posterior fashion to observe the frenulum.  Using the Kotlow (1999) and 
the Coryllos et al. (2004) diagnostic criteria for classifications of tongue tie, notation was made 
regarding the insertion point of the frenulum at the floor of the mouth.  After, the clinician used 
the left and right index fingers to elevate the buccal cavities.  A yes/no judgment was recorded 
regarding the presence of restriction(s).  Restriction was indicated by notching and/or blanching 
(whiteness) of the buccal tissue.  Last, a sucking assessment was completed using a gloved index 
finger to note characteristics of the infant’s suction and cranial nerve function.  Notation was 
made regarding the infant’s labial seal, overall suction, pressure of the tongue along the finger, 
and the ability of the tongue to cup the finger during wave-like motion.  Lingual thrusting, 
retraction, chomping, and rooting behaviors were also noted.  
Further observation of the quiet and alert infant was completed on a sterile padded floor 
mat.  The clinician assessed motor function of the upper and lower extremities via passive range 
of motion (i.e., extremity rotation), noting flexion and extension patterns.  The infant was 
observed in supine (on the back) and in prone position (belly facing down).  Notation was made 
for any tight/tense muscle tone in the head, neck, and trunk areas that could negatively impact 
movement and/or oral function by using human voice and a toy rattle to elicit left/right cranial 
rotation and up/down cranial elevation.  The clinician observed and/or elicited the following 
primitive reflexes: sucking, rooting, stepping, grasp, Moro, and plantar (i.e., Babinski sign).  
Observation of the infant also allowed for notation regarding homeostasis, regulation, 
coordination, adaptation, and communication with regard to the nervous system.  The clinician 
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noted visual tracking skills, any excessive fussiness, hyper-salivation (i.e., drooling), and 
presence of an open mouth posture.   
Observation of the dyad during breastfeeding was completed when possible.  Mothers 
were encouraged to bring the awake/alert infant to breast for a feeding during the evaluation.  
The clinician completed a weighted feeding in which the infant’s weight was recorded without 
clothing at the beginning and end of the feeding.  During breastfeeding, the clinician noted 
infant-specific feeding behaviors such as the feeding position, skin pigmentation (e.g., flush, 
pink, red), latch appearance, respiratory quality (e.g., presence of wet/gurgled breathing, labored 
breathing, and/or breath-holding), total feeding time, and suck-swallow-breathe ratio.  The 
clinician also noted maternal characteristics such as breast engorgement, nipple presentation 
(e.g., flatness, inversion, eversion, trauma), emotional status (e.g., calm, anxious, upset), and 
positioning.  The clinician asked the mother how the latch felt and to rate any pain/discomfort 
using a scale of 1-10 with “10” being the most painful. 
The clinician communicated all evaluation findings and formal scores to the DDS at the 
end of the comprehensive functional evaluation.  The DDS then conducted a short interview with 
the clinician and breastfeeding dyad in a quiet room.  The DDS and clinician discussed 
evaluation findings and scores with the mother, and then the DDS completed a second oral-
peripheral examination and sucking assessment with gloved fingers using surgical magnification 
loupes and LED headlamp.  Upon completion of the second oral-peripheral examination and 
sucking assessment, the DDS provided a formal diagnosis.  If tethered oral tissue was suspect, 
the DDS discussed both surgical and non-surgical treatment options.  If tethered oral tissue was 
not suspect, other recommendations for possible feeding therapy or continued care with a 
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lactation consultant were provided.  The DDS remained in the room and answered any remaining 
questions. 
Frenectomy. The decision to undergo elective surgical intervention was made solely by 
the mother.  The frenectomy procedure (i.e., surgical release of restricted oral tissue) was 
performed with a laser.  Some infants were not candidates for frenectomy.  For example, if the 
infant presented with a previous developmental or life-threatening condition (and the healthcare 
team was not available to discuss the treatment plan with the DDS), if tethered oral tissue was 
not suspect by the clinician/DDS, or if the infant’s mother opted to delay intervention, then 
frenectomy was not recommended.  Only those infants who underwent surgical intervention and 
whose mother’s submitted the signed consent form were included in the intervention group.  
Infants that did not undergo the frenectomy procedure were included in the small control group 
to describe anecdotal therapy-only experiences, or the infant was discharged and not included in 
the study.   
If the mother opted to proceed with elective surgical intervention for the treatment of the 
tethered oral tissue, pre-operative instructions and information were provided verbally and with 
audiovisuals using a tablet with internet access.  Information regarding the type of laser, safety 
precautions, and post-operative care were provided verbally and in writing.  The mother was 
provided with information on the use of comfort measures for the infant, including but not 
limited to use of medicine (e.g., acetaminophen dosage recommendation) and/or homeopathic 
options (e.g., skin-to-skin).   
The frenectomy was performed in a sterile, laser-safe operatory suite within the dental 
office, separate from the private evaluation room.  The DDS performed the frenectomy using an 
Erbium: YAG Laser with chisel tip (SP300, 35 mJ, 20 Hz, 3 air, 70 watts, with water spray 
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setting turned off).  The DDS and all clinical personnel wore goggles, nitrile gloves, and 
procedure masks inside the operatory suite.  The infant was swaddled and laser-safe, protective 
infant-size goggles were applied prior to the procedure.  The clinician aided in positioning and 
stabilization of the infant during frenectomy.  A dental assistant was present and provided gauze 
and/or vacuum suction, as needed.  A small amount of anesthetic (i.e., Lidocaine Hydrochloride 
and Epinephrine Injection) was injected at the site of the superior maxillary labial frenulum.  The 
sterile injection was administered using a 1% Lidocaine to Epinephrine concentration (i.e., 
1:100,000).  During the procedure, the tongue was elevated using a grooved metal tongue 
director and/or gloved fingers while the laser tip was applied to the lingual frenulum.  Laser 
release of the lingual frenulum lasted approximately 10-15 seconds.  Next, the maxillary labial 
frenulum was elevated using gauze and/or gloved fingers while the laser tip was applied.  Laser 
release of the maxillary labial frenulum lasted approximately 15-20 seconds.  The tissue for each 
site was incised using pulsed waves with the laser; the durations noted above are not indicative 
of direct laser contact.  Buccal restrictions were not released for any of the participants 
(regardless of their appearance).  Corrective surgical treatment is sometimes recommended in the 
weeks following frenectomy due to reattachment of the frenular tissue(s), lack of improvement, 
or regression of symptoms.  The mother was asked to complete the pretest questionnaire in the 
private consultation room while the infant underwent surgical release for tethered oral tissue.   
Feeding (via breast or bottle) was encouraged in the private consultation room post-
operatively to calm and soothe the infant.  The room was equipped with a rocking glider chair 
conducive for feeding an infant.  Typically, the infant was fed immediately or fell asleep.  The 
mother was provided with post-operative care instructions and the clinician provided a tactile 
model using the mother’s hand to demonstrate post-operative active wound management (i.e., 
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stretches).  The frequency, intensity, and duration of post-operative stretches included: four 
“Big” stretches at both wound sites using both index fingers to palpate in an anterior-to-posterior 
motion every 4-6 hours, and “Small” stretches at both wound sites sweeping (wiping) in a lateral 
(left/right) motion approximately 5-7x/day.  Stretches required light-medium pressure and 
mothers were cautioned that trace bleeding from the wound site(s) may occur (note: mothers 
were also cautioned that continuous or persistent bleeding should be reported to the infant’s 
pediatrician and/or medical health provider).  Post-operative active wound management is 
recommended to prevent reattachment of the oral tissue.  Post-operative active wound 
management is recommended to all mother-infant dyads by the DDS in this particular private 
practice.  There is currently no standard protocol for post-operative active wound management.  
The clinician also provided dyad-specific recommendations for post-operative aftercare therapy.  
Aftercare therapy with a skilled therapist (e.g., SLP, OT, PT, lactation) was suggested to 
habilitate oral function and movement during feeding.  Frequency and duration of aftercare 
therapy, as well as the type of therapist seen, was dyad-specific. 
Dyads were studied at one week and three weeks for follow-up assessment.  The clinician 
interviewed all mothers via telephone within the first week post-operatively (prior to the start of 
therapy) and to answer questions.  Information was collected regarding post-operative oral 
function, oral wound management, general concerns, and to assist in scheduling aftercare 
therapy.  The telephone interview lasted approximately 5-10 minutes.  The first session of 
supplemental follow-up therapy is routinely scheduled 7-10 days post-operatively.  Follow-up 
therapy was recommended, but not mandatory.  It was deemed unethical to “mandate” aftercare 
therapy.  Moreover, it was deemed unethical for the clinician to mandate or recommend no 
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therapy at all for all participants.  Mothers were encouraged to return to the DDS office for 
further consultation regarding post-operative oral wound management as needed.   
The participants in this study attended the first session of supplemental aftercare therapy 
within 7-10 days post-operatively.  First, the clinician completed an oral-peripheral examination 
to observe the appearance of the oral wounds post-operatively using gloved fingers.  Then, the 
clinician conducted a comprehensive functional examination using the same objective and 
subjective measures used in the initial evaluation.  The clinician administered the questionnaire 
used at pretest with a five-point Likert scale to record maternal responses post-operatively.  The 
posttest questionnaire also included four questions regarding post-operative active wound 
management and aftercare therapy experiences.  Post-operative care is participant-specific 
according to the degree and type of oral dysfunction.  Therapy recommendations varied for each 
participant based on dysfunction (or deficits) noted at pretest.  Some dyads experienced 
immediate improvement in the first week following frenectomy, whereas other dyads did not 
experience noticeable improvement until later.  Some mothers may opt to incorporate additional 
complementary therapies that are not recommended by the DDS/clinician.  A detailed clinical 
note was created for each participant to document objective and subjective findings. 
Reliability. The clinician conducted the comprehensive functional evaluation at pretest 
following appropriate referral and upon completion of a lactation consultation.  All formal 
testing protocols were scored by the clinician and submitted to the principal investigator for data 
entry and reliability.  All formal assessment protocols were reviewed for score errors by the 
principal investigator.  Incorrect summation of scores and other discrepancies in notation were 
relayed back to the clinician for clarification.  The clinician provided notation for all telephone 
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interview responses, as needed.  The principal investigator entered all data using the Statistical 
Package for the Social Sciences (SPSS).   
The principal investigator and clinician maintained HIPAA (Health Insurance Portability 
and Accountability Act) compliance by protecting the identity of all human subjects.  The 
principal investigator and clinician completed the National Institutes of Health (NIH) web-based 
training for protecting human subjects.  A completed training certificate was printed for the 
principal investigator and clinician and kept on file prior to the beginning of the study.  Alpha-
numeric codes were used in place of the infant participant’s first and last name.  The mother’s 
name was not used for identification purposes, but was cross-coded with the infant participant’s 
alpha-numeric code.  Any printed participant identity information was safely stored in a locked 
filing cabinet.  Paperless participant identity information was stored using a HIPAA-compliant, 
password-protected database.   
Fidelity. The clinician conducted the comprehensive functional evaluations at pre-/post-
test upon completion of a lactation consult for each participant throughout the entire study.  The 
clinician completed in-depth training and instruction with the principal investigator prior to any 
evaluation and treatment of study participants.  A detailed checklist (Appendix B) and three 
weeks of hands-on training with the principal investigator were completed prior to the start of the 
study to ensure optimal preparation.  The same DDS worked alongside the clinician to confirm 
assessment findings, provide an official diagnosis of tethered oral tissue, and perform the 
frenectomy when warranted.  The DDS and the clinician each produced a diagnostic rating for 
the visibility of the tethered oral tissue of the lip and tongue using the respective scales.  In the 
event the diagnostic rating produced by the DDS differed from the clinician rating, additional 
conferencing was used to reach a rating agreement.  Only two discrepancies were noted (87.5% 
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agreement), with one number difference between raters (one case where the DDS increased the 
rating and one where the rating was decreased).  Although it is within the scope of practice for 
the speech-language pathologist to describe the functional limitations of tethered oral tissue and 
to provide clinical recommendations, he or she cannot provide an official diagnosis of the 
structural deviation and/or provide surgical treatment (ASHA, 2015); therefore it was deemed 
best practice the official diagnostic rating be produced by the DDS.  
Two evaluators were not available for the administration of the ATLFF, consequently no 
inter-rater reliability is available. 
 
Data Analysis 
 The data analysis relied on SPSS.  The first question, “What aspects of oral function 
show differences following surgical intervention?” was addressed using one-way repeated 
measures analyses of variance (ANOVA) comparing observations before and after (pre-/post-
test) frenectomy.  The experiment-wise alpha was controlled to be p < .001 using the Bonferroni 
correction.  The alpha level for each comparison was set at p < .00145.  This level was 
practically set at p < .001 given the output constraints of SPSS.   It was hypothesized that the 
infants’ oral function during breastfeeding would significantly change following intervention.  
The second question, “What aspects of maternal breastfeeding complications show differences 
following the infant’s surgical intervention?” was addressed using a one-way repeated measures 
ANOVAs.  A repeated measures ANOVA was used to compare observations for the mothers 
before and after (pre-/post-test) the infant’s frenectomy and to determine if there was a 
statistically significant difference.  It was hypothesized that maternal complications during 
breastfeeding would significantly change following the infant’s surgical intervention.  The third 
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question, “Does a relationship exist between visibility of restricted oral frenula and presentation 
of symptoms for the breastfeeding infant and mother?” was addressed using ordinal classification 
regression analysis.  The visibility of the restricted frenular tissue was classified using an ordinal 
scale (Kotlow, 1999; Coryllos et al., 2004) and presentation of symptoms before and after 
frenectomy was recorded using a Likert rating that ranged from “5” (Strongly Agree) to “1” 
(Strongly Disagree).  It was hypothesized that the visibility of restriction would not be a 
significant indicator of symptoms.  In other words, the appearance of the tissue alone would not 
determine whether symptoms would be present for the infant and/or mother because physiologic 
function was not included in the valuation.  The fourth question, “What factors determine 
whether dyads participate in supplemental therapeutic intervention following frenectomy?” was 
addressed using content analysis.  The fifth question, “What are parent perceptions regarding 
the value of surgical intervention and supplemental therapeutic intervention?” was addressed 
using ratings from the researcher-developed questionnaire and two-tailed paired t-test with 
content analysis of written and verbal responses collected from maternal interview.  The sixth 
and final question, “Do children with tethered oral tissue and breastfeeding problems also show 
problems with other functions?  If so, are the problems lessened following frenectomy?” was 
addressed using Likert ratings from the researcher-developed questionnaire and content analysis 







The purpose of this study was to investigate the changes in multiple aspects of oral 
function, movement patterns, and feeding in breastfeeding mother-infant dyads at one week and 
at three weeks following surgical laser intervention for tethered oral tissue.  Further, it aimed to 
determine the strength of the relationship between type of tethered oral tissue and oral function 
in breastfed infants with and without supplemental therapeutic intervention following 
frenectomy.  Specifically, research questions addressed the following: 1) What aspects of oral 
function improve following surgical intervention?  2) What aspects of maternal breastfeeding 
complications improve following the infant’s surgical intervention?  3) Does a relationship exist 
between visibility of restricted oral frenula and presentation of symptoms for the breastfeeding 
infant and mother?  4) What factors determine whether dyads participate in supplemental 
therapeutic intervention following frenectomy?  5) What are parent perceptions regarding the 
value of surgical intervention and supplemental therapeutic intervention?  and 6) Do children 
with tethered oral tissue and breastfeeding difficulties also exhibit problems with other 
functions?  If so, are the problems lessened following frenectomy. 
 
Question 1 
 The first question asked what aspects of oral function improve following surgical 
intervention for the infant.  Sixty measures were used to answer this question.  These included 
five subcategories of the LATCH Tool, seven subcategories of the ATLFF, 11 subcategories of 
the Lingual Frenulum Protocol with Scores for Infants, and 37 items (41 by posttest) from the 
researcher-developed questionnaire.  Scores for subcategories within each formal objective 
assessment and Likert ratings from the questionnaire were analyzed separately using one-way 
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repeated measures ANOVAs for each measure.  The results of the statistical testing for the 
formal objective scores suggested consistent improvement and low p values for particular 
subcategories related to infant oral function.  
LATCH Tool results. For this assessment, a score of “2” indicated appropriate oral 
function (within normal limits), whereas a score of “1” or “0” indicated characteristics of oral 
dysfunction related to the subcategory.  Table 5 shows the group means and standard deviations 
for the LATCH subscale scores at each time point.  Scores for four of the five subcategories 
improved after surgery at both one and three week periods.  Repeated measures ANOVAs with a 
Greenhouse-Geisser correction (when Sphericity was not assumed) indicated statistically reliable 
improvement for Latch, Audible Swallowing, Comfort, and Hold across time periods.  The Type 
of Nipple (i.e., the anatomical presentation of the mother’s nipple) did not change from pretest to 
posttest.   
Table 6 shows the results of pairwise comparisons for the mean of each measurement 
time for each LATCH measure.  The mother’s reported comfort rating improved by one week. 
Latch and Audible Swallowing continued to improve so that they were significantly better than 
pretest by the third week. 
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Table 5. Summary of the Statistical Results for LATCH Tool 
Item  






Pre Post1 Post3 Pre Post1 Post3 Obs. Chi² P(T<=t) F-Stat. P(T<=t) 
alpha 
= 0.05 
Latch 0.560 1.130 1.620 0.512 0.342 0.500 16 3.273 0.195 21.556a 0.000* 1.000 
Audible Swallowing 1.380 0.940 0.310 0.619 0.574 0.479 16 0.199 0.905 22.047a 0.000* 1.000 
Type of Nipple N/A N/A N/A N/A N/A N/A 16 N/A N/A N/A N/A N/A 
Comfort 0.560 1.380 1.750 0.629 0.619 0.447 16 1.546 0.462 31.917a 0.000* 1.000 
Hold 1.440 1.880 2.000 0.512 0.342 0.000 16 3.240 0.198 13.052a 0.000* 0.995 
Total 5.810 7.190 7.560 0.834 0.981 0.964 16 1.997 0.368 35.435a 0.000* 1.000 
Note. a. Sphericity Assumed; b. Greenhouse-Geisser; *Highly Significant at α ≤ 1%.  




Table 6. Pairwise Analysis for LATCH Tool 
Item  
















Latch -0.563 0.157 0.008 -1.063 0.193 0.000* -0.500 0.129 0.005 
Audible Swallowing 0.438 0.157 0.042 1.063 0.170 0.000* 0.625 0.155 0.003 
Type of Nipple  N/A N/A N/A N/A N/A N/A 16 N/A N/A    
Comfort -0.813 0.164 0.001* -1.188 0.164 0.000* -0.375 0.125 0.027 
Hold -0.438 0.128 0.011 -0.563 0.128 0.002 -0.125 0.085 0.492 
Total -1.375 0.221 0.000* -1.750 0.250 0.000* -0.375 0.180 0.163 
Note. *Highly Significant at α ≤ 1%. 
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Table 7 shows raw scores for each infant participant at pretest and posttest using the 
LATCH Tool.  At pretest, nine of the 16 infants scored a “1” under the subcategory Latch, which 
indicated the infant made repeated attempts to hold the nipple in the mouth and needed 
stimulation to suck.  Seven of the 16 infants scored a “0” under the subcategory Latch, indicating 
the infant was too sleepy and/or reluctant to latch, or no latch was achieved.  A score of “1” or 
“0” indicated oral dysfunction for this particular subcategory.  At one week posttest, all infant 
participants who scored a “0” at pretest had improved.  All infants who scored a “1” at pretest 
also scored a “1” at posttest, except for one participant who scored a “2,” indicating the infant 
was able to grasp the breast with the tongue down, lips flanged, and using rhythmic sucking.  
One of the seven infants who scored a “0” at pretest improved to a score of “2” by one week 
posttest.  At three weeks posttest, 10 of the 16 infants scored a “2” for the subcategory Latch, 
indicating overall latch improvement. 
Scores for Audible Swallowing showed differences from pretest to posttest.  At pretest, 
seven of the 16 infants scored a “2,” indicating spontaneous and/or frequent audible swallowing.  
Six of the 16 infants scored a “1” at pretest, indicating a few audible swallows with stimulation.  
Only one infant scored a “0” at pretest, indicating no audible swallowing.  The importance of 
interpreting improvement in this subcategory will be addressed in detail in the Discussion 
section.   
The Type of Nipple, which refers to the maternal breast anatomy, remained unchanged 
throughout the study.  Although this variable concerns the maternal anatomy (structure), it 
directly affected the infant’s oral function since nipple presentation (i.e., inverted, everted, flat) 
directly impacts the infant’s ability to latch effectively.  All mothers presented with everted 
nipples, except for one mother who reported having inverted nipples. 
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Comfort, which referred to the pain or discomfort of the mother’s breast and/or nipple 
during breastfeeding, improved from pretest to posttest.  Eight of the 16 mothers, or half, scored 
a “0,” which indicated severe discomfort (i.e., engorgement, cracking, bleeding, large blisters, or 
bruises) at pretest.  Seven of the 16 mothers scored a “1” at pretest, which indicated mild-
moderate discomfort (i.e., filling, redness, small blisters, bruises).  Only one mother scored a “2” 
at pretest, indicating no pain or discomfort at all.  By one week posttest, 11 of the 16 mothers 
who were experiencing pain/discomfort showed improvement.  Seven mothers showed no pain at 
all (with a score of “2”) by one week posttest.  The one mother who showed no discomfort at 
pretest continued to show no discomfort at posttest.  This suggested frenectomy alone had 
improved maternal pain/discomfort during breastfeeding.  
The final subcategory, Hold, referred to positioning and whether the mother required 
assistance to breastfeed, showed differences from pretest to posttest.  Nine of the 16 mothers 
scored a “1,” indicating the mother required minimal assistance (i.e., elevated head of bed, place 
pillows for support) and/or teaching from a staff member during breastfeeding.  Seven of the 16 
mothers scored a “2” at pretest, indicating the mother did not need assistance from a staff 
member (i.e., the mother was able to position/hold the infant independently) to breastfeed.  By 
one week posttest, 14 of the 16 mothers scored a “2” and by three weeks posttest, all mothers 
scored a “2.”  
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Table 7. LATCH Tool Pretest and Posttest Scores 
Infant  Latch 
Audible 
Swallowing Type of Nipple Comfort Hold Total 
Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 
1 1 1 2 1 1 0 2 2 2 1 1 2 2 2 2 7 7 8 
2 1 1 2 2 1 1 2 2 2 0 2 2 1 2 2 6 8 9 
3 1 1 2 1 1 0 2 2 2 0 0 1 1 1 2 5 5 7 
4 0 1 2 2 1 0 2 2 2 1 2 2 1 2 2 6 8 8 
5 1 1 1 1 1 1 0 0 0 0 1 1 2 2 2 4 5 5 
6 0 1 2 2 1 0 2 2 2 1 2 2 2 2 2 7 8 8 
7 0 1 2 1 0 0 2 2 2 1 2 2 2 2 2 6 7 8 
8 0 1 2 1 1 0 2 2 2 1 2 2 2 2 2 6 8 8 
9 1 1 1 1 1 0 2 2 2 1 1 1 2 2 2 7 7 6 
10 0 2 2 0 0 0 2 2 2 2 2 2 1 2 2 5 8 8 
11 0 1 1 2 1 1 2 2 2 0 1 1 1 2 2 5 7 7 
12 1 1 1 1 1 0 2 2 2 0 1 2 2 2 2 6 7 7 
13 1 1 1 1 1 1 2 2 2 1 1 2 1 2 2 6 7 8 
14 0 1 1 2 2 1 2 2 2 0 1 2 1 1 2 5 7 8 
15 1 2 2 2 0 0 2 2 2 0 2 2 1 2 2 6 8 8 
16 1 1 2 2 2 0 2 2 2 0 1 2 1 2 2 6 8 8 





ATLFF results. The ATLFF was used to measure the severity of tongue tie (not 
including lip tie or presence of buccal ties) using seven function and five appearance criteria.  
For this assessment, a score of “2” indicated appropriate oral function (within normal limits), 
whereas a score of “1” or “0” indicated characteristics of oral dysfunction related to the 
subcategory.  Only scores for the seven function criteria were analyzed and reported in the 
summary of the statistical results (Table 8).  A repeated measures ANOVA with a Greenhouse-
Geisser correction (when Sphericity was not assumed) determined that all of the measured 
symptoms of infant oral dysfunction improved significantly between time points.  Post hoc tests 
using the Bonferroni correction revealed that the subcategories Lateralization, Lingual Elevation, 
Lingual Extension, Lingual Spread, and Lingual Cupping improved after one week.  Peristalsis 
improved significantly by week three.  Snapback was the only measurement that did not reach 
statistical significance.  
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Table 8. Summary of the Statistical Results for ATLFF 
Item 






Pre Post1 Post3 Pre Post1 Post3 Obs. Chi² P(T<=t) F-Stat. P(T<=t) 
alpha = 
0.05 
Lateralization 0.870 1.940 2.000 0.342 0.250 0.000 16 6.776 0.034 102.333b 0.000* 1.000 
Lingual Elevation 0.810 2.000 2.000 0.544 0.000 0.000 16 . . 76.268b 0.000* 1.000 
Lingual Extension 1.310 2.000 2.000 0.602 0.000 0.000 16 . . 20.862b 0.000* 0.989 
Lingual Spread 0.940 2.000 2.000 0.574 0.000 0.000 16 . . 54.873b 0.000* 1.000 
Lingual Cupping 0.500 1.500 1.870 0.516 0.516 0.342 16 6.465 0.390 30.957a 0.000* 1.000 
Peristalsis 0.190 1.060 1.620 0.403 0.680 0.500 16 7.994 0.018 42.872b 0.000* 1.000 
Snap Back 0.750 1.250 1.560 0.577 0.577 0.629 16 2.918 0.233 11.057a 0.000* 0.985 





Table 9. Pairwise Analysis for ATLFF 
Item  
Pre vs. Post1 Pre vs. Post 3 Post1 vs. Post3 
Mean Diff. Std. Error P(T<=t) Mean Diff. Std. Error P(T<=t) Mean Diff. Std. Error P(T<=t) 
    Lateralization -1.063 0.111 0.000* -1.125 0.085 0.000* -0.063 0.063 1.000 
Lingual Elevation -1.188 0.136 0.000* -1.188 0.136 0.000* 0.000 0.000 . 
Lingual Extension -0.688 0.151 0.001* -0.688 0.151 0.001* 0.000 0.000 . 
Lingual Spread -1.063 0.143 0.000* -1.063 0.143 0.000* 0.000 0.000 . 
Lingual Cupping -1.000 0.224 0.001* -1.375 0.180 0.000* -0.375 0.125 0.027 
Peristalsis -0.875 0.202 0.002 -1.438 0.128 0.000* 0.563 0.128 0.002 
Snap Back -0.500 0.158 0.019 -0.813 0.209 0.004 0.313 0.151 0.166 
Note. *Highly Significant at α ≤ 1%. 
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Table 10 shows raw scores for each infant participant at pretest and posttest using the 
ATLFF.  The subcategory Lingual Lateralization showed differences from pretest to posttest.  At 
pretest, 14 of the 16 infants scored a “1” (i.e., ability to move the body of the tongue left/right 
but unable to move the tongue tip) and two infants scored a “0” (i.e., inability to move the body 
or tip of the tongue left/right) for this subcategory.  At one week posttest, 15 of the 16 infants 
demonstrated a score of “2” (i.e., complete lateralization) and were considered within normal 
limits; at three weeks posttest all 16 infant participants demonstrated a score of “2.”  The 
subcategory Lingual Elevation, or lift of the tongue, showed differences from pretest to posttest.   
Eleven of the 16 infants scored a “1” (i.e., ability to lift only the lateral edges of the tongue to 
mid mouth) and four infants scored a “0” (i.e., the tip stays at the alveolar ridge or the tip only 
rises to the mid mouth with jaw closure and/or mid-tongue dimples) at pretest.  Only one infant 
scored a “2” for this subcategory at pretest, indicating the ability to elevate the tongue was within 
normal limits.  At both one week and three weeks posttest, all infants demonstrated a score of 
“2.”  The subcategory Lingual Extension showed differences from pretest to posttest.  Nine of 
the 16 infants scored a “1” (i.e., the tongue tip extended to the lower gum only) and one infant 
scored a “0” (i.e., the tongue tip did not extend over the lower lip or gum and/or the anterior 
portion of the tongue presented with dimpling) at pretest, indicating more than half of the 
participants exhibited oral dysfunction.  Six of the infants scored a “2” for the subcategory, 
indicating the tongue was able to protrude beyond the upper/lower lip.  At both one week and 
three weeks posttest, all infants demonstrated a score of “2.”  The subcategory Lingual Spread 
showed differences from pretest to posttest.  Eleven of the 16 infants scored a “1” (i.e., moderate 
or partial spread of the anterior tongue) and three of the infants scored a “0” (i.e., little or absent 
spread of the anterior tongue) at pretest.  Two of the infants scored a “2” for this subcategory,  
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Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 
1 1 1 2 2 2 2 2 2 2 1 2 2 1 1 1 0 0 1 1 1 1 
2 1 2 2 1 2 2 2 2 2 1 2 2 1 2 2 1 1 2 1 1 2 
3 1 2 2 1 2 2 2 2 2 1 2 2 1 1 2 0 1 1 1 1 0 
4 1 2 2 1 2 2 2 2 2 2 2 2 1 1 2 0 1 1 2 2 2 
5 1 2 2 1 2 2 2 2 2 1 2 2 1 1 2 1 1 2 1 2 2 
6 1 2 2 1 2 2 2 2 2 2 2 2 1 1 2 0 0 1 0 1 2 
7 0 2 2 0 2 2 0 2 2 0 2 2 0 1 2 0 1 2 1 2 2 
8 1 2 2 1 2 2 1 2 2 1 2 2 1 2 2 1 1 2 1 1 2 
9 1 2 2 0 2 2 1 2 2 1 2 2 0 2 2 0 2 2 1 1 2 
10 1 2 2 1 2 2 1 2 2 1 2 2 0 2 2 0 2 2 1 2 2 
11 1 2 2 1 2 2 1 2 2 0 2 2 0 2 2 0 2 2 0 1 1 
12 1 2 2 0 2 2 1 2 2 1 2 2 1 1 1 0 1 1 1 1 1 
13 1 2 2 1 2 2 1 2 2 1 2 2 0 1 2 0 1 2 1 1 1 
14 1 2 2 0 2 2 1 2 2 0 2 2 0 2 2 0 0 1 0 0 1 
15 0 2 2 1 2 2 1 2 2 1 2 2 0 2 2 0 2 2 0 2 2 
16 1 2 2 1 2 2 1 2 2 1 2 2 0 2 2 0 1 2 0 1 2 
Note. A rating of “0,” “1,” or “2” was given for each item. A Function score “<11” indicates function impaired and surgical treatment should be considered. 
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indicating the anterior tongue was able to spread completely and was considered within normal 
limits.  At both one week and three weeks posttest, all infant participants demonstrated a score of 
“2.”  The subcategory Lingual Cupping showed differences from pretest to posttest.  Eight of the 
16 infants, or half, scored a “1” (i.e., only the side edges, creating a moderate cup) at pretest, 
indicating oral dysfunction when attempting to cup the tongue during suction.  The other eight 
infants scored a “0” (i.e., poor or absent cupping) for this subcategory.  None of the infants 
earned a score of “2” (i.e., within normal limits) for this subcategory at pretest.  At both one 
week and three weeks posttest, all infant participants demonstrated a score of “2.”  The 
subcategory Peristalsis showed differences from pretest to posttest.  Thirteen of the 16 infants 
scored a “0” (i.e., absent or reverse peristalsis) and three infants scored a “1” (i.e., partial 
peristalsis originating posterior to tip) at pretest.  None of the infants earned a score of “2” (i.e., 
complete anterior to posterior progressive contraction of the tongue), or within normal limits, for 
this subcategory at pretest.  At one week posttest, six of the infants who scored a “0” at pretest 
improved to a “1” and four infants who scored a “0” at pretest improved to a “2.”  This suggested 
that 25% of the participants demonstrated improved anterior to posterior progressive contraction 
of the tongue necessary for sucking in just one week with frenectomy alone.  At three weeks 
posttest, 10 of the infants scored a “2” and six scored a “1.”  Here, seven of the infants who 
scored a “0” at pretest improved to a score of “2” in three weeks.  The six infants who scored a 
“1” at three weeks posttest had originally scored a “0” at pretest.  Finally, the subcategory Snap 
Back showed differenced from pretest to posttest.  Ten of the 16 infants scored a “1” (i.e., 
periodic) and five infants scored a “0” (i.e., frequent or with each suck) at pretest.  Only one 
infant scored a “2” (i.e., absent) and was considered within normal limits at pretest and each 
week at posttest.  At one week posttest, seven of the infants demonstrated improvement in this 
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subcategory.  At three weeks posttest, 10 of the 16 infants scored a “2” (i.e., within normal 
limits) and five infants scored a “1.”  
Lingual Frenulum Protocol with Scores for Infants results. The Lingual Frenulum 
Protocol with Scores for Infants was used to evaluate lingual structure and specific functions of 
the tongue related to sucking and swallowing during breastfeeding.  To specifically answer 
Question 1, scores related to lingual movement, sucking, and swallowing function during 
breastfeeding were statistically analyzed (see Table 11).  Categories with gray fill were used to 
specifically answer this question.  A score of “0” indicated appropriate oral function (within 
normal limits), whereas a score of “1” or “2” indicated characteristics of oral dysfunction related 
to the subcategory.  A repeated measures ANOVA with a Greenhouse-Geisser correction (when 
Sphericity was not assumed) revealed that the measures Infant Fatigue, Sucks then Sleeps, Slips 
off the Nipple, Chews the Nipple, NNS Lingual Movement, NS Rhythm, NS Coordination, Nipple 
Chewing, and Clicking improved over time.  
  Post hoc tests using the Bonferroni correction revealed that infant scores for Infant 
Fatigue, Sucks then Sleeps, NS Rhythm and Clicking improved after one week.  The measures for 
Slips off the Nipple, Chews the Nipple, NNS Lingual Movement, NS Coordination, and Nipple 
Chewing improved after three weeks. 
For infants who showed characteristics of oral dysfunction at pretest for the subcategory 
Infant Fatigue (n = 15), all but one participant demonstrated improvement at three weeks 
posttest, resulting in low p values.  For infants who showed characteristics of oral dysfunction at 
pretest for the subcategory Sucks then Sleeps (n = 13), all participants demonstrated 
improvement at three weeks posttest, resulting in low p values.  For infant participants who 
showed characteristics of oral dysfunction at pretest for the subcategory Infant Slips off Nipple (n 
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= 16), all but five of the demonstrated improvement at three weeks posttest, resulting in low p 
values.  For the subcategory Infant Chews Nipple, all but three of the infant participants who 
showed characteristics of oral dysfunction at pretest (n = 16) demonstrated improvement at three 
weeks posttest, resulting in low p values.  Scores for the subcategory Previous Family History 
remained unchanged from pretest to posttest for all infant participants, resulting in no variance.  
For the subcategory Time Between Feedings, only one of the infant participants demonstrated 
improvement from pretest to three weeks posttest.  A score of “0” was given for infants who fed 
every 2-3 hours and a score of  “2” was given for infants who fed every one hour or less. 
For infants who showed characteristics of oral dysfunction at pretest for the subcategory 
NNS Lingual Movement (n = 15), all but three participants demonstrated improvement at three 
weeks posttest, resulting in low p values.  For infants who showed characteristics of oral 
dysfunction at pretest for the subcategories NS Rhythm (n = 16), NS Coordination (n = 16), 
Nipple Chewing (n = 16), and Clicking (n = 16), all participants demonstrated improvement at 
three weeks posttest, resulting in low p values for each subcategory.  The total score for the 
Lingual Frenulum Protocol with Scores for Infants improved for all participants from pretest and 
throughout posttest, resulting in a low p value overall. 
Some of the infant participants showed differences as early as one week following 
frenectomy alone.  Eleven of the 15 infant participants who showed characteristics of oral 
dysfunction at pretest demonstrated immediate improvement for the subcategory Infant Fatigue 
(i.e., overall sleepiness during feedings) at one week posttest.  Only one infant demonstrated 
fatigue by three weeks posttest, whereas all other infants scored a “0” (i.e., within normal limits).  
This resulted in a significantly low p value (p < 0.001). 
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Table 11. Summary of the Statistical Results for the Lingual Frenulum Protocol with Scores for Infants 
Item 
Mean Std. Deviation   
Mauchly's 
Sphericity RM-ANOVA Obs. Power 
Pre Post1 Post3 Pre Post1 Post3 Obs. Chi² P(T<=t) F-Stat. P(T<=t) alpha = 0.05 
History Score             
  Previous Family History N/A N/A N/A N/A N/A N/A 16 N/A N/A N/A N/A N/A 
  Time Between Feedings N/A N/A N/A N/A N/A N/A 16 N/A N/A N/A N/A N/A 
  Infant Fatigue 0.940 0.250 0.060 0.250 0.447 0.250 16 2.252 0.324 40.082a 0.000* 1.000 
  Sucks then Sleeps 0.810 0.060 0.000 0.403 0.250 0.000 16 5.725 0.057 46.176a 0.000* 1.000 
  Infant Slips off Nipple 1.000 0.750 0.310 0.000 0.447 0.479 16 0.348 0.840 16.807a 0.000* 0.999 
  Infant Chews Nipple 2.000 0.870 0.380 0.000 1.025 0.806 16 1.143 0.565 26.600a 0.000* 1.000 
Anatom-Functional Score             
  Lip Posture at Rest 0.690 0.440 0.380 0.479 0.512 0.500 16 6.996 0.030 5.339b 0.021 0.694 
  Tongue Posture Crying 0.630 0.060 0.000 0.957 0.250 0.000 16 23.533 0.000* 6.408b 0.020 0.689 
  Tongue Shape Crying 0.940 0.000 0.000 1.124 0.000 0.000 16 . . 11.139b 0.004 0.876 
  Fren Thickness 1.620 0.000 0.000 0.806 0.000 0.000 16 . . 65.000b 0.000* 1.000 
  Fren Attachment Tongue 0.310 0.000 0.000 0.793 0.000 0.000 16 . . 2.483b 0.136 0.314 
  Fren Attachment FOM 0.190 0.000 0.000 0.403 0.000 0.000 16 . . 3.462b 0.083 0.414 
Orofacial Function Score             
  NNS Lingual Movement 0.940 0.690 0.250 0.250 0.479 0.447 16 0.492 0.782 12.130a 0.000* 0.991 
  NS Rhythm 1.000 0.190 0.000 0.000 0.403 0.000 16 . . 83.462a 0.000* 1.000 
  NS Coordination 1.000 0.560 0.310 0.000 0.512 0.479 16 0.348 0.840 16.807a 0.000* 0.999 
  Nipple Chewing 2.000 0.870 0.250 0.000 1.025 0.683 16 2.939 0.230 31.027a 0.000* 1.000 
  Clicking 1.440 0.750 0.380 0.512 0.577 0.500 16 1.748 0.417 25.930a 0.000* 1.000 
Total 16.000 5.940 2.750 3.246 3.890 2.543 16 5.544 0.063 104.296a 0.000* 1.000 
Note. a. Sphericity Assumed; b. Greenhouse-Geisser; *Highly Significant at α ≤ 1%.   
Fren = Frenulum, FOM = Floor of mouth, NNS = Non-nutritive sucking, NS = Nutritive sucking, N/A = Not applicable since frenulum is no longer present. 





Table 12. Pairwise Analysis for Lingual Frenulum Protocol 
Item  
Pre vs. Post1 Pre vs. Post 3 Post1 vs. Post3 
Mean Diff. Std. Error P(T<=t) Mean Diff. Std. Error P(T<=t) Mean Diff. Std. Error P(T<=t) 
Previous Family History N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Time Between Feedings N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Infant Fatigue 0.688 0.120 0.000* 0.875 0.085 0.000* 0.188 0.101 0.248 
Sucks then Sleeps 0.750 0.112 0.000* 0.813 0.101 0.000* -0.063 0.063 1.000 
Infant Slips off Nipple 0.250 0.112 0.123 0.688 0.120 0.000* 0.438 0.128 0.011 
Infant Chews Nipple 1.125 0.256 0.002 1.625 0.202 0.000* 0.500 0.224 0.123 
Lip Posture at Rest 0.250 0.112 0.123 0.313 0.120 0.059 -0.063 0.063 1.000 
Tongue Posture Crying 0.563 0.223 0.070 0.625 0.239 0.059 -0.063 0.063 1.000 
Tongue Shape Crying 0.938 0.281 0.013 0.938 0.281 0.013 0.000 0.000 0.013 
Fren Thickness 1.625 0.202 0.000* 1.625 0.202 0.000* 0.000 0.000 . 
Fren Attachment Tongue 0.313 0.198 0.408 0.313 0.198 0.408 0.000 0.000 . 
Fren Attachment FOM 0.188 0.101 0.248 0.188 0.101 0.248 0.000 0.000 . 
NNS Lingual Movement 0.250 0.144 0.311 0.688 0.151 0.001* -0.438 0.128 0.011 
NS Rhythm 0.813 0.101 0.000* 1.000 0.000 . -0.188 0.101 0.248 
NS Coordination 0.438 0.128 0.011 0.688 0.120 0.000* -0.250 0.112 0.123 
Nipple Chewing 1.125 0.256 0.002 1.750 0.171 0.000* -0.625 0.239 0.059 
Clicking 0.688 0.151 0.001* 1.063 0.170 0.000* 0.375 0.125 0.027 
Total 10.063 1.156 0.000* 13.250 0.990 0.000* 3.188 0.660 0.001* 
Note. *Highly Significant at α ≤ 1%. 
Fren = Frenulum, FOM = Floor of mouth, NNS = Non-nutritive sucking, NS = Nutritive sucking, N/A = Not applicable. 
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All of the infant participants who showed characteristics of oral dysfunction at pretest 
demonstrated immediate improvement for the subcategory Sucks then Sleeps (i.e., nutritive 
sucking movements that result in quickly falling asleep at breast) at one week posttest.  All 
infants scored a “0” at three weeks posttest, resulting in a significantly low p value (p < 0.001).  
Four of the 16 infants who showed characteristics of oral dysfunction at pretest demonstrated 
immediate improvement for the subcategory Infant Slips off Nipple (i.e., poor/shallow latch of 
the infant at breast resulting in need to re-latch) at one week posttest.  At three weeks posttest, 
this number increased to 11 infant participants, resulting in a significantly low p value (p < 
0.001).  Nine of the 16 infant participants who showed characteristics of oral dysfunction at 
pretest demonstrated immediate improvement for the subcategory Infant Chews Nipple (i.e., 
chewing replaces infant suck at breast) at one week posttest.  All but three of the 16 infant 
participants who demonstrated oral dysfunction at pretest showed differences for this 
subcategory by the end of week three posttest, resulting in a significantly low p value (p < 
0.001).  
Five of the 15 infant participants who showed characteristics of oral dysfunction at 
pretest demonstrated immediate improvement for the subcategory NNS Lingual Movement (i.e., 
lingual movement that does not result in the consumption of milk or liquid) at one week posttest.   
Thirteen of the 15 infant participants who showed characteristics of oral dysfunction at pretest 
demonstrated immediate improvement for the subcategory NS Rhythm (i.e., groups of suction 
and pauses during active feeding) at one week posttest.  All infants demonstrated a score of “0” 
(i.e., within normal limits) at three weeks posttest, indicating several suctions in a row followed 
by short pauses).  All of the infants scored a “1” at pretest for the subcategory NS Coordination 
(i.e., balance between feeding and suck-swallow-breathe sequence), indicating inadequate 
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coordination with signs and symptoms such as coughing, choking, and dyspnea.  Seven infants 
demonstrated improvement at one week posttest for this subcategory and 11 of the 16 were 
within normal limits (with a score of “0”) by three weeks posttest.  For the subcategory Nipple 
Chewing, all 16 infants scored a “2” at pretest, indicating sucking was replaced with 
chewing/gumming of the nipple during breastfeeding.  At one week posttest, nine of the infants 
showed improvement and scored a “0,” indicating improved sucking skills at breast.  At three 
weeks posttest, only two of the infants exhibited nipple chewing at breast.  Finally, for the 
subcategory Clicking (i.e., audible loss of suction at breast resulting in a clicking noise), all 
infants exhibited signs of dysfunction at pretest.  Six of the infants scored a “2,” which indicated 
“frequent” clicking whereas ten of the infants scored a “1,” which indicted “non-systematic” 
clicking.  At one week posttest, nine of the infants exhibited improved scores; five infants scored 
a “0,” indicating no clicking during sucking.  At three weeks posttest, none of the infants scored 
a “2” and ten infants scored a “0” (62.5%).  Significantly low p values (p < 0.001) were recorded 
for NNS Lingual Movement, NS Rhythm, NS Coordination, Nipple Chewing, and Clicking. 
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Infant Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 
1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0 2 0 0 
2 1 1 1 2 0 0 1 1 0 1 0 0 1 1 0 2 0 0 
3 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 2 2 2 
4 0 0 0 0 0 0 1 1 0 0 0 0 1 1 0 2 0 0 
5 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 2 0 0 
6 1 1 1 0 0 0 1 0 0 1 0 0 1 0 0 2 0 0 
7 1 1 1 0 0 0 1 0 0 1 0 0 1 0 0 2 0 0 
8 1 1 1 0 0 0 1 0 0 1 0 0 1 1 0 2 0 0 
9 1 1 1 0 0 0 1 0 0 1 0 0 1 1 1 2 2 0 
10 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 2 0 0 
11 0 0 0 0 0 0 1 0 0 1 0 0 1 1 1 2 2 2 
12 0 0 0 0 0 0 1 1 1 1 0 0 1 1 1 2 2 2 
13 0 0 0 0 0 0 1 0 0 1 0 0 1 1 1 2 2 0 
14 0 0 0 0 0 0 1 1 0 1 1 0 1 1 1 2 2 0 
15 1 1 1 0 0 0 1 0 0 1 0 0 1 0 0 2 0 0 
16 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 2 2 0 
Note. Fren = Frenulum, FOM = Floor of mouth, NNS = Non-nutritive sucking, NS = Nutritive sucking. 
 















Infant Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 
1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
2 1 0 0 2 0 0 2 0 0 2 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
5 1 1 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
6 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
7 1 0 0 2 0 0 3 0 0 0 0 0 3 0 0 1 0 0 
8 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 1 1 1 0 0 0 2 0 0 0 0 0 1 0 0 1 0 0 
10 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
11 1 1 1 0 0 0 2 0 0 2 0 0 1 0 0 0 0 0 
12 1 1 1 2 1 0 0 0 0 2 0 0 0 0 0 0 0 0 
13 1 1 1 2 0 0 2 0 0 2 0 0 0 0 0 0 0 0 
14 1 1 1 2 0 0 2 0 0 2 0 0 0 0 0 0 0 0 
15 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 
16 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0 
Note. Fren = Frenulum, FOM = Floor of mouth, NNS = Non-nutritive sucking, NS = Nutritive sucking. 
 
 









Nipple Chewing Clicking Total 
Infant Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 
1 1 1 1 1 1 0 1 0 0 2 0 0 1 1 1 1 5 3 
2 1 0 0 1 0 0 1 1 0 2 0 0 2 1 0 22 5 1 
3 1 1 0 1 0 0 1 0 0 2 2 2 1 1 1 13 7 5 
4 0 1 1 1 0 0 1 1 0 2 0 0 1 0 0 11 4 1 
5 1 1 0 1 0 0 1 0 0 2 0 0 1 0 0 13 3 1 
6 1 0 0 1 0 0 1 0 0 2 0 0 2 1 0 16 2 1 
7 1 0 0 1 0 0 1 0 0 2 0 0 1 0 0 22 1 1 
8 1 1 0 1 0 0 1 0 0 2 0 0 1 1 0 13 5 1 
9 1 1 1 1 0 0 1 1 0 2 2 0 1 1 0 17 10 4 
10 1 0 0 1 0 0 1 1 0 2 0 0 1 0 0 13 1 0 
11 1 1 0 1 0 0 1 1 1 2 2 2 2 1 1 18 9 8 
12 1 1 1 1 0 0 1 1 1 2 2 0 1 1 1 16 11 8 
13 1 1 0 1 1 0 1 1 1 2 2 0 1 1 1 18 10 4 
14 1 1 0 1 1 0 1 1 1 2 2 0 2 2 1 19 13 4 
15 1 0 0 1 0 0 1 0 0 2 0 0 2 0 0 17 1 1 
16 1 1 0 1 0 0 1 1 1 2 2 0 2 1 0 16 8 1 
Note. Fren = Frenulum, FOM = Floor of mouth, NNS = Non-nutritive sucking, NS = Nutritive sucking.
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Questionnaire results.  The researcher-developed questionnaire related to oral 
dysfunction of the breastfeeding dyad and consisted of 37 questions at pretest and 41 questions at 
posttest.  Four additional questions were added to the posttest questionnaire to detail active 
wound management and experiences post-frenectomy.  To answer Question 1, 25 of the 
questions related to infant oral dysfunction were analyzed.  Likert ratings from the mother 
ranged from “5” (“Strongly Agree”) to “1” (“Strongly Disagree”) and were recorded at pretest 
and one week and three week posttest.  The questionnaire also included ratings for “Not Sure” 
and “Not Applicable.”  The questionnaire was divided into six categories of behavior, two of 
which (Latch and Colic) directly addressed breastfeeding from the perspective of the mother’s 
perception of severity and change.   
  Likert ratings were analyzed using a one-way repeated measures ANOVA with a 
Greenhouse-Geisser correction (when Sphericity was not assumed) and reported in the summary 
of the statistical results (Appendix I).  Post hoc tests using the Bonferroni correction revealed 
that infant scores showed significant differences following frenectomy.  Pairwise analysis 
showed scores for the following items significantly improved (p < .001) at three weeks post-
frenectomy: My child requires multiple attempts to re-latch and My child’s upper lip tucks in 
(i.e., does not flange) when feeding.  Statistical testing indicated low p values with a 5% alpha 
level (p < .05) for oral dysfunction of the infant related to aspects such as: latch, breathing, sleep, 
feeding intervals, spit up, gassiness, hiccups, and coughing/choking during feeding.  These 
findings were consistent with the observations obtained for the LATCH, ATLFF, and Lingual 
Frenulum Protocol with Scores for Infants, indicating parents were aware of the feeding 




 The second question asked what aspects of maternal breastfeeding complications improve 
following surgical intervention for the infant.  To answer this question, Likert ratings for 
questions specifically related to maternal symptoms from the researcher-developed questionnaire 
were analyzed separately using a one-way repeated measures ANOVA.  The results of the 
statistical testing suggested overall improvements for maternal complications related to 
breastfeeding (see Table 14).  Statistically reliable changes (p < .001) were obtained for: nipple 
pain/discomfort and nipple trauma (e.g., cracked, bleeding, or bruised nipples).  These findings 
support the clinical assumption that certain aspects of maternal breastfeeding complications 
showed differences at one week and three weeks following surgical intervention for the infant’s 
tethered oral tissue.  These findings were important because it was not known what particular 
aspects of the mother’s breastfeeding difficulties would show differences at one week and at 
three weeks, regardless of statistical significance.  Likert scores for the mother’s response to a 
breast pump, experience with plugged ducts, mastitis, and breast engorgement did not show 
significant changes at one week and/or three weeks post-frenectomy.    
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Table 14. Summary of Statistical Results for Maternal Symptoms Using the Researcher Questionnaire 
Item 






Pre Post1 Post3 Pre Post1 Post3 Obs. Chi² P(T<=t) F-Stat. P(T<=t) 
alpha 
=0.05 
I am currently experiencing nipple 
pain/discomfort when breastfeeding. 
3.880 2.750 1.940 1.500 1.483 1.436 16 1.699 0.428 13.752a 0.000* 0.996 
 
I am currently experiencing cracked, 





















































































































































































































I feel like my child is able to 

























Note. a. Sphericity Assumed; b. Greenhouse-Geisser; *Highly Significant at α ≤ 1%. 
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Table 15. Pairwise Analysis for Maternal Symptoms Using the Researcher Questionnaire 
Item  
Pre vs. Post1 Pre vs. Post 3 Post1 vs. Post3 
Mean Diff. Std. Error P(T<=t) Mean Diff. Std. Error P(T<=t) Mean Diff. Std. Error P(T<=t) 
I am currently experiencing nipple 
pain/discomfort when 
breastfeeding. 
1.125 0.427 0.056 1.938 0.322 0.000* 0.813 0.356 0.113 
 
I am currently experiencing 





























































































































I require a nipple shield to 









































I feel like my child is able to 



















Note. *Highly Significant at α ≤ 1%. 
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Question 3 
 The third question asked whether a relationship exists between visibility of the restricted 
oral frenula and presentation of symptoms for the breastfeeding infant and mother.  To answer 
this question, subjective classifications of the visible frenular tissue of the tongue recorded at 
pretest and the researcher-developed questionnaire with Likert ratings administered at pretest 
(Appendix G) were analyzed using ordinal classification regression analysis.  Ordinal 
classification regression analysis is used to predict an ordinal variable (i.e., a variable whose 
value exists on an arbitrary scale) based on descriptive attributes; this differs from nominal (or 
categorical) variables used in logistic regression.  Lingual frenulum tissue classifications are a 
subjective measure of ordinal magnitude (i.e., class I-IV or Type 1-4 are based on visibility) and 
were used in analysis.  The frenular tissue of the maxillary lip and presence/absence of buccal 
tissue, although important, were not used in this analysis.  Tissue classifications are shown in 
Table 16 for each infant participant. 
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1 IV II Type 4 Type 3 No 
2 IV II Type 4 Type 3 No 
3 IV I Type 4 Type 4 No 
4 IV I Type 4 Type 4 No 
5 IV II Type 4 Type 3 No 
6 IV I Type 4 Type 4 Yes 
7 IV IV Type 4 Type 1 Yes 
8 IV II Type 4 Type 3 No 
9 IV III Type 4 Type 1 Yes 
10 IV I Type 4 Type 4 Yes 
11 IV II Type 4 Type 3 Yes 
12 IV I Type 4 Type 4 No 
13 IV II Type 4 Type 3 Yes 
14 IV II Type 4 Type 3 Yes 
15 IV I Type 4 Type 4 Yes 
16 IV I Type 4 Type 4 Yes 
Note. Visibility of frenular tissue based on subjective rating by clinician. 
aPresence of buccal ties (i.e., cheek ties) noted unilaterally or bilaterally.  
  
 
Table 17 shows the ordinal regression results relating the dependent lingual tissue 
classification variable with the independent mother-infant variables.  Results of the ordinal 
regression found no significant relationship between the tissue classification and the presentation 
of symptoms in the mother or infant (all p-values > 0.05).  This suggested that visibility of the 
frenular tissue of the tongue did not necessarily predict severity of oral dysfunction (or 
symptoms).  This finding supports the assumption that, although a predictive relationship does 
not exist between the visibility of the tethered oral tissue and severity of symptoms for the 
breastfeeding dyad, the simple presence of symptoms (i.e., oral dysfunction and/or symptoms are 
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present when restricted tissue is present) can indicate that tissue is restrictive, which will vary in 
presentation across subjects.  A control group would be necessary to determine if the same 
symptoms are present (or can be predicted) in infants without tethered oral tissue.  This finding 
was important because it suggested that all classifications of restricted frenula are related to oral 
dysfunction.  By showing which specific symptoms of oral dysfunction were present for dyads, it 
was possible to conduct hypothesis testing on a relatively small sample size and indicate there 
was no predictive relationship. 
 
 
Table 17. Ordinal Regression Results for Lingual Frenulum Classification and Mother-Infant 





    95% Confidence Interval 
 






[LFC = 1] -8.441 47.655 0.031 1 0.859 -101.843 84.96 
[LFC = 2] 8.055 45.374 0.032 1 0.859 -80.876 96.986 
[LFC = 3] 20.399 54.948 0.138 1 0.71 -87.298 128.096 
Location 
[IS1=0] -17.422 118.218 0.022 1 0.883 -249.125 214.281 
[IS1=1] 17.422 146.568 0.014 1 0.905 -269.846 304.69 
[IS1=2] -34.844 145.715 0.057 1 0.811 -320.441 250.752 
[IS1=3] -6.29E-15 61.265 0 1 1 -120.076 120.076 
[IS1=4] -17.422 101.105 0.03 1 0.863 -215.584 180.74 
[IS2=0] -3.13E-15 140.199 0 1 1 -274.785 274.785 
[IS2=1] -34.844 158.07 0.049 1 0.826 -344.657 274.968 
[IS2=3] -3.133 118.87 0.001 1 0.979 -236.115 229.848 
[IS3=2] 34.844 145.715 0.057 1 0.811 -250.752 320.441 
[IS3=3] 17.422 118.218 0.022 1 0.883 -249.125 214.281 
[IS3=4] 17.422 101.105 0.03 1 0.863 -180.74 215.584 
[IS4=1] 31.675 115.37 0.075 1 0.784 -194.447 257.796 
[IS4=2] -14.289 153.505 0.009 1 0.926 -315.153 286.575 
[IS4=3] 1.06E-13 140.199 0 1 1 -274.785 274.785 
[IS4=4] 2.85E-14 61.265 0 1 1 -120.076 120.076 
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Further, the ordinal regression analysis also showed that many of the independent 
variables describing mother and infant symptoms were co-linear.  For the ordinal analysis, this 
resulted in the removal of many of the independent variables from consideration.  This may 
suggest a significant relationship between the mother and infant symptoms as well as common 
reporting of symptoms between participants.  If so, this was likely the result of redundancy 
within the survey questionnaire.  
Using SPSS, the chi-square statistic (p < .01) indicated that the Final model for this 
question gave a significant improvement over the baseline intercept-only model, representing 
market shares (Table 18).  This suggested the independent variables significantly improved the 
ordinal regression’s model predictions, over simply assuming observed proportions in the sample 
population (market shares).  Therefore, the independent variables, taken in their totality, are 
related to the tissue classification.  However, no single independent variable was found to be 
statistically reliable in doing so.  Using a Pearson’s chi-square statistic, the Goodness-of-fit table 
(Table 19) indicted that the observed data were not consistent with the fitted model (p > .05) and 
outperformed the Null.  The Null would indicate a good fit, but this may have been due to a 
variety of factors such as a relatively small, homogenous sample size with limited variance. 
 
Table 18. Model Fitting Information for Ordinal Classification Regression Analysis 
Model 
-2 Log 
Likelihood Chi-Square df Sig. 
Intercept Only 34.237    
Final .000 34.237 15 .003* 
Link function: Logit. 




Table 19. Goodness-of-Fit for Ordinal Classification Regression Analysis 
 Chi-Square df Sig. 
Pearson .009 30 1.000 
Deviance .018 30 1.000 




The fourth question asked what factors determined whether dyads participated in 
supplemental therapeutic intervention following frenectomy.  To answer this question, the 
researcher-developed questionnaire with Likert ratings and maternal interviews were analyzed at 
post-test using a content analysis.  Based on the mother’s yes/no response of attending 
supplemental aftercare therapy, factors for attending aftercare therapy were analyzed.  The 
results of the analysis suggested factors such as location (the most important factor reported by 
mothers), scheduling availability of the therapist, cost (and if insurance is accepted), and ease of 
access were most important to the mother when pursuing aftercare therapy.  This finding 
supports the clinical assumption that certain factors exist that will determine whether or not the 
breastfeeding dyad will attend supplemental aftercare therapy.  For this study, all mother-infant 
dyads attended aftercare therapy.  Posttest information was only obtained for the first and third 
weeks post-frenectomy, thus it was not known if dyads continued to pursue aftercare therapy 
beyond three weeks or as recommended by their individual treatment plan.  By showing that 
certain barriers exist for dyads, it was possible to conduct hypothesis testing on a small sample 
size and indicate the variety and hierarchy of barriers that exist. 
For this study, aftercare therapy was not recommended to take the place of surgical 
intervention.  A small sample of mother-infant dyads (n = 3) were studied who did not elect to 
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have the frenectomy initially, but instead pursued trial therapy with an SLP targeting oral 
dysfunction.  A single subject design was used to analyze symptoms of dyad-specific oral 
dysfunction; therefore therapy goals and objectives were unique to each breastfeeding dyad.  
Pretest measures were the same as the intervention group and included direct observation of oral 
structures and behaviors using objective assessments, the parent questionnaire, oral assessment, 
and parent interviews (which were used to guide treatment).  
Participants included three infants that ranged in age from 4-5 months (x̅ = 18.66 weeks) 
and their biological mother.  Infants included two males and one female from Caucasian 
backgrounds (see Table 20).  One of the infants was born vaginally and two were born via 
Cesarean delivery.  None of the infants were reported to have initial weight gain concerns in the 
weeks shortly after birth.  Therapy-only Infant 1 was the only infant who reportedly had a family 
history significant for speech and feeding issues related to tethered oral tissue (as diagnosed by 


















1 39 5 months M Caucasian 9 lbs. 7 oz. 17 lbs. 1 oz. Cesarean 
2 38 5 months M Caucasian 
6 lbs. 11 
oz. 
18 lbs. 0 oz. Vaginal 
3 37 4 months F Caucasian 
7 lbs. 11 
oz. 
17 lbs. 4 oz. Cesarean 
Note. G.A. = Gestational Age; C.A. = Chronological Age; F = Female; M = Male. 
 
 









1 29 Caucasian Some College Married 2 
2 34 Caucasian BA Married 2 
3 37 Caucasian BA Married 1 
Note. Education indicates highest level of education obtained by the infant participant’s mother. 
 
  
Each infant presented with varying degrees of frenular tissue restriction.  Therapy-only 
infant 1 presented with a visible maxillary labial restriction (Kotlow IV, Coryllos Type 4), a 
thick posterior lingual restriction (Kotlow II, Coryllos Type 3), and no buccal restriction(s).  
Therapy-only infant 2 presented with a visible maxillary labial restriction (Kotlow IV, Coryllos 
Type 4), a thick posterior lingual restriction (Kotlow I, Coryllos Type 4), and bilateral buccal 
restrictions.  Therapy-only infant 3 presented with a visible maxillary labial restriction (Kotlow 
IV, Coryllos Type 4), a thick posterior lingual restriction (Kotlow I, Coryllos Type 4), and no 
buccal restriction(s).  Therapy-only infants 1 and 2 exhibited a delayed rooting reflex during the 
suck assessment at pretest.  All infants exhibited lingual thrusting and/or gumming behaviors 
during the non-nutritive suck assessment at pretest. 
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All mother-infant dyads attended therapy once weekly for a total of three months each 
following the initial evaluation and recommendations.  Therapy-only infants showed extremely 
minimal improvement during the period of time therapy was attended.  Per maternal interview, 
all mothers agreed optimal oral function could not be achieved without surgical release of the 
frenular tissue.  All infants subsequently underwent frenectomy following the three-month period 
of therapy and dyads showed improvement as early as one week post-frenectomy using the same 
objective and subjective assessments during the initial evaluation.   
Raw scores for the LATCH Tool (Table 22), ATLFF (Table 23), and the Lingual 
Frenulum Protocol with Scores for Infants (Table 24) were recorded at pretest and again at one 
week and three weeks posttest, respectively.  At pretest, all infants scored a total of “6” out of a 
maximum of 10 on the LATCH Tool.  At three weeks posttest, all infants improved to a total 
score of “8.”  For the ATLFF, all infants exhibited signs of oral dysfunction at pretest for each 
subcategory related to function.  At one week posttest, all infants improved to a score of “2” (i.e., 
within normal limits) in each subcategory except Peristalsis and Snap Back.  By three weeks 
posttest, all infants scored a “2” for each subcategory related to function.  For the Lingual 
Frenulum Protocol with Scores for Infants, all infants exhibited oral dysfunction at pretest.  
Previous Family History and Time Between Feedings showed no change.  By three weeks 
posttest, all infants scored within normal limits for each subcategory related to specific functions 




Table 22. Therapy-Only Infant LATCH Tool Pretest and Posttest Scores 
 
  Infant 1 Infant 2 Infant 3 
Latch    
Pre 0 1 1 
Tx1 0 1 1 
Tx3 1 1 1 
Post1 1 2 1 
Post3 2 2 2 
Audible Swallowing    
Pre 1 2 1 
Tx1 1 1 1 
Tx3 1 1 1 
Post1 1 0 0 
Post3 0 0 0 
Type of Nipple    
Pre 2 2 2 
Tx1 2 2 2 
Tx3 2 2 2 
Post1 2 2 2 
Post3 2 2 2 
Comfort    
Pre 1 0 0 
Tx1 1 1 1 
Tx3 1 1 1 
Post1 2 2 2 
Post3 2 2 2 
Hold    
Pre 2 1 2 
Tx1 2 2 2 
Tx3 2 2 2 
Post1 2 2 2 
Post3 2 2 2 
Total    
Pre 6 6 6 
Tx1 7 7 7 
Tx3 7 7 7 
Post1 8 8 7 
Post3 8 8 8 
Note. A rating of “0,” “1,” or “2” was given for each item with a maximum total of “10.”  Higher total scores 
indicate a better latch overall.  
TX = Therapy 
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Table 23. Therapy-Only Infant ATLFF Pretest and Posttest Scores 
 
  Infant 1 Infant 2 Infant 3 
Lateralization     
Pre 0 1 1 
Tx1 0 1 1 
Tx3 0 1 1 
Post1 2 2 2 
Post3 2 2 2 
Lingual Elevation    
Pre 0 1 1 
Tx1 0 1 1 
Tx3 0 1 1 
Post1 2 2 2 
Post3 2 2 2 
Lingual Extension    
Pre 0 2 2 
Tx1 0 2 2 
Tx3 0 2 2 
Post1 2 2 2 
Post3 2 2 2 
Lingual Spread    
Pre 0 1 1 
Tx1 0 1 1 
Tx3 0 1 1 
Post1 2 2 2 
Post3 2 2 2 
Lingual Cupping    
Pre 0 0 0 
Tx1 0 1 1 
Tx3 0 1 1 
Post1 2 2 2 
Post3 2 2 2 
Peristalsis    
Pre 0 0 0 
Tx1 0 1 0 
Tx3 0 1 0 
Post1 1 1 1 
Post3 2 2 2 
 
 
Table 23 (continued) 
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 Infant 1 Infant 2 Infant 3 
Snap Back    
Pre 1 0 1 
Tx1 1 0 1 
Tx3 1 0 1 
Post1 1 1 2 
Post3 2 2 2 
Note. A rating of “0,” “1,” or “2” was given for each item. A Function score “<11” indicates function impaired and 
surgical treatment should be considered.
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Table 24. Therapy-Only Infant Lingual Frenulum Protocol with Scores for Infants Pretest and 
Posttest Scores 
 
 Infant 1 Infant 2 Infant 3 
Previous Family Hx    
Pre 1 0 0 
Tx1 1 0 0 
Tx3 1 0 0 
Post1 1 0 0 
Post3 1 0 0 
Time Between Feedings    
Pre 0 0 0 
Tx1 0 0 0 
Tx3 0 0 0 
Post1 0 0 0 
Post3 0 0 0 
Infant Fatigue    
Pre 1 1 1 
Tx1 1 1 1 
Tx3 1 1 1 
Post1 0 0 0 
Post3 0 0 0 
Sucks then Sleeps    
Pre 1 0 1 
Tx1 1 0 1 
Tx3 0 0 1 
Post1 0 0 0 
Post3 0 0 0 
Infant Chews Nipple    
Pre 2 2 2 
Tx1 2 2 2 
Tx3 2 2 2 
Post1 2 2 0 
Post3 0 0 0 
NNS Lingual Movement    
Pre 1 1 1 
Tx1 1 1 1 
Tx3 1 1 1 
Post1 1 0 0 
Post3 1 0 0 







 Infant 1 Infant 2 Infant 3 
NS Rhythm    
Pre 1 1 1 
Tx1 1 1 0 
Tx3 0 1 0 
Post1 0 1 0 
Post3 0 0 0 
NS Coordination    
Pre 1 1 1 
Tx1 1 1 1 
Tx3 1 1 1 
Post1 1 1 1 
Post3 0 0 0 
Nipple Chewing    
Pre 2 2 2 
Tx1 2 2 2 
Tx3 2 2 2 
Post1 2 2 0 
Post3 0 0 0 
Clicking    
Pre 1 2 1 
Tx1 1 1 1 
Tx3 1 1 1 
Post1 1 1 1 
Post3 0 0 0 




The fifth question asked what the parent perceptions were regarding the value of surgical 
intervention and supplemental therapeutic intervention.  To answer this question, the researcher-
developed questionnaire with a 1-10 rating scale and maternal interview post-operatively were 
analyzed using a two-tailed paired t-test and content analysis.  A frequency distribution was used 
to summarize response ratings and a two-tailed paired t-test was used to analyze variation in 
responses at one week and three weeks post-operatively, respectively.  Statistical results from the 
paired t-test are located in Appendix J.  Thirteen of the 16 mothers (81.25%) reported their 
experience a “10” out of 10 using a 1-10 scale (with “1” being the least likely and “10” being the 
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most likely) at one week posttest, indicating the mother would recommend frenectomy to a 
family member and/or friend, if necessary.  Figure 3 shows the frequency distribution for 
maternal ratings of how likely frenectomy would be recommended to a family member or friend.  
A two-tailed paired t-test was used to further analyze variation in the mother’s response and 
revealed high p values, indicating no significant change in responses.  Overall, the average rating 
was 9.4 for week one and 9.3 for week three.    
 
 
Figure 3. Frequency distribution of maternal perception of the value of frenectomy using 1-10 




When asked how confident mothers were that therapy was helpful following frenectomy, 
eight of the 16 mothers (50%) reported their experience a “10” using a 1-10 scale (with “1” 
being the least confident and “10” being the most confident) at one week posttest, indicating the 

















Recommend Frenectomy to Family/Friend
Week 1 Week 3
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their experience a “10” by week three posttest.  Figure 4 shows the frequency distribution for 
maternal ratings of how confident mothers were that aftercare therapy was helpful.  A two-tailed 
paired t-test was used to further analyze variation in the mother’s response and revealed high p 
values, indicating no significant change in responses.  Overall, the average rating was 7.6 for 
week one and 8.8 for week three.    
 
 
Figure 4.  Frequency distribution of maternal perception of the value of aftercare therapy post-
frenectomy using 1-10 ratings from researcher questionnaire. 
 
 
In addition to aftercare therapy with the SLP, other forms of complementary therapies 
were reportedly pursued by some of the mother-infant dyads post-operatively.  Complementary 
therapies included working with a lactation specialist (IBCLC or CLC), physical therapy (PT), 




















Confidence in Aftercare Therapy
Week 1 Week 3
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Question 6 
The sixth question asked whether children with tethered oral tissue and breastfeeding 
difficulties also exhibit problems with other functions, and if so, are the problems lessened 
following frenectomy?  These issues were addressed using the researcher-developed 
questionnaire that looked at behaviors beyond breastfeeding.  Significance testing was done 
using a one-way repeated measures ANOVA and p values were recorded for each item in the 
questionnaire related to infant symptoms (Appendix I). 
In the category of Breathing (Table 25), 11 of the 16 infants exhibited at least one of the 
six breathing dysfunction symptoms at pretest.  Mothers reported that 4 out of 16 (or 25%) 
infants exhibited audible/labored breathing at rest at pretest.  Nine of the 16 infants reportedly 
exhibited audible/labored breathing during feedings at pretest.  Seven of the 16 infants reportedly 
exhibited audible/labored breathing when asleep at pretest.  Infants 2, 4, 5, and 11 exhibited 
audible/labored breathing during all three (rest, feedings, sleep) at pretest.  Interestingly, infants 
2, 4, 5 and 11 all presented with posterior lingual restrictions.  Posttest data revealed improved 
dysfunctional breathing for two of the four infants at rest, three of the four infants during 
feeding, and three of the four infants during sleep.  Eleven of the 16 infants were reported to 
frequently sound congested; nine exhibited improvement by one week posttest.  Mothers 
reported 6 of the 16 infants presented with an open mouth posture throughout the day.  Four of 
the six infants improved by one week posttest and all infants showed improvement by 3 weeks 
posttest.  Half of all infant participants reportedly exhibited an open mouth posture when 
sleeping.  Six showed improvement by one week posttest and seven showed improvement at 
three weeks posttest.  A low p value was reported at posttest for infants who presented with an 
open mouth posture throughout the day (p = 0.02).  There were 45 occurrences (or observations) 
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of breathing dysfunction out of a possible 96 (approximately 47%) at pretest.  At one week 
posttest, there were 36 occurrences (or observations) of breathing dysfunction out of a possible 
96 (approximately 38%).  At three weeks posttest, there were 23 occurrences (or observations) of 
breathing dysfunction out of a possible 96 (approximately 24%). 
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Table 25. Infant Symptoms Related to Breathing Dysfunction at Pretest and Posttest Using Questionnaire 
 Audible/labored 













Mouth is open 
when sleeping. 
 
Infant Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 
1 1 1 3 2 4 2 3 1 2 4 3 5 1 1 2 1 1 2 
2 4 4 2 4 4 2 4 2 4 5 4 4 4 4 2 4 4 3 
3 1 1 1 1 2 2 1 1 1 3 2 2 2 2 2 2 2 2 
4 4 0 4 4 2 2 5 2 4 5 4 4 3 1 1 4 1 1 
5 5 4 4 5 3 3 5 4 4 5 2 2 5 4 3 5 4 4 
6 1 1 1 1 4 3 1 2 1 4 2 4 1 2 2 2 2 2 
7 2 2 1 3 2 2 2 2 1 1 4 2 3 3 1 2 1 2 
8 2 2 2 4 2 2 2 2 2 4 3 4 4 2 2 4 2 2 
9 1 1 0 1 1 0 1 1 0 1 2 0 1 4 2 1 4 4 
10 0 4 2 0 4 2 0 4 2 0 4 2 1 1 2 1 1 2 
11 5 4 4 5 5 5 5 4 4 4 4 4 3 2 2 3 2 2 
12 2 2 4 4 4 4 4 2 2 4 2 2 4 4 2 4 4 4 
13 3 2 2 5 3 2 5 4 2 4 5 4 4 2 3 4 3 2 
14 0 4 2 4 5 2 4 3 2 5 4 2 5 4 2 5 4 4 
15 3 2 2 5 4 2 3 2 2 5 2 2 3 2 2 4 2 2 
16 2 2 2 3 4 4 2 2 3 2 4 4 3 2 2 2 2 2 
Note. Symptoms were recorded using Likert ratings. 1 = Strongly Disagree, 2 = Disagree, 3 = I Don’t Know, 4 = Agree, 5 = Strongly Agree. 
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In the category of symptoms commonly associated with colic (Table 26), 14 of the 16 
infant participants exhibited spit up or vomit through the mouth at pretest, per maternal report.  
Four of the infants who exhibited spit up through the mouth also exhibited spit up through the 
nose at pretest.  At one week posttest, 5 of the 14 infants who exhibited spit up or vomiting 
through the mouth had reportedly improved.  Further, by 3 weeks posttest, eight of the infants 
with exhibited symptoms had reportedly improved.  Five of the infants who exhibited symptoms 
of spit up or vomit through the mouth showed no change by the end of the three week posttest.  
Twelve of the 16 infants exhibited gassiness and 15 of the 16 exhibited hiccups at pretest.  Only 
five of the mothers reported that their infant had “colic” at pretest.  Infant 10 was the only 
participant with a true diagnosis of reflux made by the pediatrician and was taking medication 
twice daily.  Infant 10 exhibited 5 out of the 6 symptoms, per maternal report.  A low p value (p 
< .001) was reported at posttest for hiccups (p = 0.000).  Infants 12 and 14 exhibited the most 
severe profiles out of all the other participants and exhibited all five of the symptoms of colic at 
pretest.  However, Infant 14 exhibited improvements whereas Infant 12 did not exhibit any 
improvements at the end of all post-testing, per maternal report.  Four of the infants exhibited 4 
out of 5 colic symptoms.  There were 50 occurrences (or observations) of dysfunction related to 
colic out of a possible 96 (approximately 52%) at pretest.  At one week posttest, there were 41 
occurrences (or observations) of dysfunction related to colic out of a possible 96 (approximately 
43%).  At three weeks posttest, there were 32 occurrences (or observations) of dysfunction 
related to colic out of a possible 96 (approximately 33%). 
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Table 26. Infant Symptoms Related to Colic at Pretest and Posttest Using Questionnaire 
 
Spits up or vomits 
through the mouth. 
Spits up or vomits 




hiccups. Has frequent colic. 
Infant Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 
1 4 5 3 1 1 1 2 1 1 2 2 1 1 1 1 
2 5 5 4 4 4 4 5 5 4 5 5 4 2 2 1 
3 3 1 1 3 0 0 5 4 4 4 3 2 2 3 2 
4 5 4 4 2 1 1 5 2 4 5 4 2 2 2 2 
5 5 3 3 1 1 1 5 4 5 5 5 4 3 3 2 
6 4 4 4 1 1 2 4 2 2 4 3 2 4 2 2 
7 1 4 2 1 1 1 3 4 4 4 4 4 2 2 2 
8 4 4 0 2 2 0 5 2 2 5 4 4 5 2 2 
9 4 4 4 2 2 0 5 5 5 4 5 5 5 4 1 
10 4 1 2 1 1 1 4 5 5 4 4 4 3 4 2 
11 4 4 4 0 0 0 2 2 2 5 4 5 0 0 2 
12 4 4 4 4 4 4 5 2 4 5 4 4 5 4 4 
13 5 4 4 1 3 2 5 5 5 5 5 5 3 3 3 
14 5 5 2 5 4 1 5 5 3 5 5 3 4 5 2 
15 4 2 4 1 1 1 5 4 4 5 2 2 3 1 1 
16 4 4 4 4 4 4 3 3 3 4 4 3 2 2 3 
Note. Symptoms were recorded using Likert ratings. 1 = Strongly Disagree, 2 = Disagree, 3 = I Don’t Know, 4 = Agree, 5 = Strongly Agree. 
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In the category of Sleep Dysfunction, the majority of infant participants exhibited one or 
both of the symptoms for sleep-related dysfunction, including sleeping less than 3 hours at night 
before waking to feed and snoring (Table 27).  Ten of the 16 infants reportedly slept less than 
three hours at night before waking to feed at pretest.  Sleeping three or more hours before waking 
to feed is considered normal for the ages of the majority of participants in the study.  However, 
the mother of Infant 7, who was 2.5 weeks at pretest, indicated she “strongly” agreed the infant 
slept less than three hours at night, but the mother of Infant 11, who was 1.5 weeks at pretest, 
indicated she was “Unsure” or “Did not know” if the infant slept less than three hours at night 
before waking to feed.  Four infants reportedly snored when sleeping at pretest, though half 
showed improvement by one week post-test and continued by three weeks posttest.  Half of all 
mothers had reported their infant slept with an open-mouth posture during sleep (refer back to 
Table 25).  Three mothers reported their infant exhibited an open-mouth posture when sleeping 
with concomitant snoring.   
Sleeping in a Rock ‘n Play or in a location that could be elevated was found to be 
common for infants with tethered oral tissue because these infants often suffer from 
gastrointestinal discomfort (e.g., hiccups, gassiness, reflux) that impedes sleep.  There were 14 
occurrences (or observations) of dysfunction related to sleep out of a possible 32 (approximately 
44%) at pretest.  At one week posttest, there were 8 occurrences (or observations) of dysfunction 
related to sleep out of a possible 32 (approximately 25%).  At three weeks posttest, there were 3 
occurrences (or observations) of dysfunction related to sleep out of a possible 32 (approximately 
9%). 
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Table 27. Infant Symptoms Related to Sleep Dysfunction at Pretest and Posttest Using 
Questionnaire 
 
Sleeps less than 3 hours at night before 
waking to feed. Snores. 
Infant Pre  Post1 Post3 Pre  Post1 Post3 
1 5 1 2 1 1 1 
2 5 4 2 1 1 1 
3 1 1 1 3 0 0 
4 5 2 2 3 3 2 
5 3 2 3 5 4 4 
6 4 4 4 2 2 2 
7 5 1 1 3 2 1 
8 4 4 2 2 2 2 
9 3 2 1 1 2 2 
10 2 3 2 1 3 2 
11 0 4 2 4 3 2 
12 5 2 2 2 2 2 
13 4 4 4 2 2 2 
14 5 5 2 5 4 2 
15 4 2 2 4 2 2 
16 2 2 2 2 2 2 
Note: Symptoms were recorded using Likert ratings. 1 = Strongly Disagree, 2 = Disagree, 3 = I Don’t Know,  
4 = Agree, 5 = Strongly Agree.  
 
 
In the category of Whole Body Movement, several infants who exhibited dysfunction at 
pretest showed changes by posttest (see Table 28).  Three out of 16 mothers reported that their 
infant did not tolerate prone position (colloquially, tummy time) at pretest.  Five of the 16 infants 
reportedly exhibited a left or right breast preference at pretest.  A breast preference can be a 
symptom of muscle/tissue tightness and discomfort that limits active range of motion and 
function.  Ten of the infant participants were reportedly unable to hold a pacifier independently 
at pretest.  Of the three infants who reportedly did not tolerate prone position well at pretest, two 
showed improvement by one week posttest and continued to do so by three weeks posttest.  All 
but one of the infants who exhibited a breast preference at pretest showed improvement at one 
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week and again at three weeks posttest.  Infant 12 was the only participant who exhibited a breast 
preference and also did not tolerate prone position before and after frenectomy.  All of the 
infants who reportedly could not tolerate a pacifier independently exhibited lingual thrusting 
and/or chomping during a gloved non-nutritive suck assessment, as noted by the clinician during 
pretest.  There were 18 occurrences (or observations) of dysfunction related to whole body 
movement out of a possible 48 (approximately 38%) at pretest.  At one week posttest, there were 
15 occurrences (or observations) of dysfunction related to whole body movement out of a 
possible 48 (approximately 31%).  At three weeks posttest, there were 13 occurrences (or 















Table 28. Infant Symptoms Related to Whole Body Movement at Pretest and Posttest Using 
Questionnaire 
 
Does not enjoy tummy 
time. 
Exhibits a breast preference 
(L/R). 
Is unable to hold a pacifier 
by himself/herself. 
Infant Pre  Post1 Post3 Pre  Post1 Post3 Pre  Post1 Post3 
1 3 1 2 1 4 0 3 1 3 
2 2 2 1 5 2 4 5 5 5 
3 2 2 2 3 4 1 1 2 2 
4 3 2 2 5 2 2 5 4 4 
5 4 2 1 3 2 1 5 2 3 
6 1 1 1 1 1 1 1 4 4 
7 3 3 2 3 2 1 4 2 2 
8 2 2 1 4 2 2 5 4 4 
9 1 3 2 1 1 2 1 2 3 
10 0 4 2 1 3 2 1 2 1 
11 0 1 2 3 4 3 2 2 2 
12 4 4 4 5 2 4 4 2 4 
13 2 1 1 5 2 1 5 5 4 
14 3 5 3 3 5 5 5 5 4 
15 5 4 1 3 2 1 5 3 4 
16 3 2 4 2 2 2 4 4 2 
Note: Symptoms were recorded using Likert ratings. 1 = Strongly Disagree, 2 = Disagree, 3 = I Don’t Know, 4 = 







The purpose of this study was to investigate the changes in multiple aspects of oral 
function, movement patterns, and breastfeeding in breastfeeding mother-infant dyads at one 
week and three weeks following surgical laser intervention for tethered oral tissue.  The study 
also sought to determine the effect of supplemental therapeutic intervention post-operatively and 
social attitudes of the mother related to intervention outcomes.  Direct observation of the 
structural and behavioral changes using the same instruments pre-operatively along with a 
maternal questionnaire were used to evaluate the presence of tethered oral tissue and 
characteristics of oral dysfunction, which are clinically useful for providers working with 
mother-infant dyads and/or in the area of pediatric feeding and swallowing.  This study uniquely 
contributes to the body of research on oral dysfunction and tethered oral tissue in infants (< 6 
months) by comprehensively assessing oral dysfunction via direct measured changes in structure 
and function for reasons beyond breastfeeding, and describing intervention outcomes in 
conjunction with social validity from the mother’s perspective. 
The results of the study suggested that specific aspects related to oral function change at 
one week and at three weeks following surgical intervention using an Erbium laser to treat 
tethered oral tissue.  It was hypothesized that breastfeeding difficulties for both the mother and 
the infant would improve following frenectomy.  Statistically significant changes were reported 
at follow-up for: the infant’s poor/shallow latch (p = 0.006), multiple attempts to re-latch (p = 
0.000), coughing/choking during a feeding (p = 0.041), and an upper lip that did not flange 
outward (p = 0.000).   
All mothers had worked with a lactation consultant at least once prior to evaluation to 
address positioning and issues related to milk production and/or transfer.  This study was 
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consistent with prior research (Hogan et al., 2005) and showed that tongue tie can negatively 
impact breastfeeding and that frenectomy was more effective than lactation strategies. 
In this study, multiple attempts to re-latch the infant at breast significantly improved 
following frenectomy.  Multiple attempts are typically due to the infant slipping off the nipple, 
chewing the nipple, incorrect lingual movement necessary for nutritive sucking, and/or fatigue.  
Maternal anatomy can also play a role in frequent attempts to re-latch, although only one of the 
mothers in this study had atypical nipple presentation (i.e., flat nipples).  This study was 
consistent with prior research (Geddes et al., 2008; Srinivasan et al., 2006) and showed nipple 
position in the mouth and lingual movement can affect the infant’s latch (and multiple attempts 
at re-latch) at breast. 
Mothers reported a poor/shallow latch, lingual thrusting, and chomping/biting of the 
nipple during breastfeeding prior to frenectomy.  Further, a poor/shallow latch was frequently 
accompanied by nipple pain/discomfort and trauma, which was also consistent with prior 
research (Dollberg et al., 2006; O’Callaghan et al., 2013, Srinivasan et al., 2006).  When an 
infant exhibits a poor/shallow latch, atypical lingual movements are emphasized and 
compensation by the infant can be difficult or impossible.  In this study, statistically significant 
changes were reported at posttest for nipple pain/discomfort (p < 0.001), 
cracked/bleeding/bruised nipples (p = 0.001), and lipstick-shaped nipples (p = 0.009).   
Holistic assessments in this study yielded findings that dysfunction related to sleep, 
breathing, colic, and whole body movement patterns also improved.  Statistically significant 
changes were reported at follow-up for infants in relation to open mouth posture throughout the 
day (p = 0.02), sleeping less than three hours before waking to feed (p = 0.006), cluster feeding 
(p = 0.006), and snoring (p = 0.048).   
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Sleeping less than three hours before waking to feed and cluster feeding may be related to 
the overall efficiency of the infant during a feeding (i.e., the infant does not transfer enough milk 
during a feeding, exhibits extended feeding times, or must work too hard at breast to become 
satisfied).  The infant may not consume enough calories or will burn more calories during a 
feeding than are being ingested.  These symptoms were not consistent with prior research related 
to tethered oral tissue and/or frenectomy outcomes because they require further exploration.  
Frequent waking may also be related to poor sleep quality.  The presence of snoring was 
particularly noteworthy because prior research has suggested that tethered oral tissue is 
associated with sleep-disordered breathing (Huang et al., 2015).  An open mouth posture when 
sleeping (as opposed to being open throughout the day) was not found to be statistically 
significant in this study, though the majority of infants who were symptomatic (n = 8) exhibited 
improvement at posttest based on maternal Likert ratings.  
Dysfunction related to colic was an important finding because prior research has 
examined some symptoms of colic (e.g., reflux or spit up), but other symptoms had not been 
explicitly studied.  Statistically significant changes were reported at follow-up in the infant for 
spit up/vomit through the mouth (p = 0.028), gassiness (p = 0.016), hiccups (p = 0.000), and 
frequent colic (p = 0.043).   
Colic is often described using a constellation of symptoms such as spit up (or GERD), 
vomiting, gassiness, and hiccups.  Colic is a general term used by parents and practitioners alike 
and the infant is often described as being uncontrollably fussy and/or distressed.  An infant may 
not have an official diagnosis of reflux (or GERD) or tolerate medication, but he or she can 
sometimes be described using the word colic.  Results from this study were consistent with prior 
research in that infants were symptomatic for reflux (Kotlow, 2011; Siegel, 2016), but only one 
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of the infants in this study had a true diagnosis of reflux (and tolerated medication twice daily).  
Some of the mothers reported administering home remedies to soothe their infant’s gassiness 
and/or hiccups, which may resemble reflux (or silent reflux). 
It was unknown if appearance of the visible frenular tissue would indicate severity of 
symptoms for the dyad.  Interestingly, 14 of the 16 infant participants (87.5%) presented with a 
posterior lingual restriction (either Kotlow Class I/II or Coryllos et al. Type 3/4) and two infants 
(12.5%) presented with an anterior lingual restriction (either Kotlow Class III/IV or Coryllos et 
al. Type 1/2).  Some of the infant participants exhibited only a few symptoms of dysfunction 
beyond breastfeeding, whereas other infant participants exhibited nearly all symptoms, 
regardless of how visible the restricted frenular tissue appeared.  It is important to note that 
infants with tethered oral tissue, regardless of its visibility or classification, exhibited dysfunction 
based on the results of a comprehensive assessment and subsequently showed improvement 
following laser release of the tissue.  These findings suggest assessment for tethered oral tissue 
must include anatomical and physiological substrates to evaluate the whole child to determine 
treatment outcomes. 
All dyads attended aftercare therapy and mothers reported therapy was considered 
beneficial to their infant.  It was not surprising that all symptoms of dysfunction did not improve 
at one week or three weeks post-operatively in some cases.  This is because improvement after 
any kind of surgical intervention will vary per person, but especially for a structure such as the 
tongue.  Follow-up assessment at later intervals (i.e., four or eight weeks) may have revealed 
more statistically significant findings overall. 
Pairwise Analyses revealed the progression of improvement showed significant changes 
for specific aspects of the objective assessments.  Significant improvement was noted 
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immediately at one week posttest for subcategories (or variables) related to maternal 
pain/discomfort at breast and infant anatomy.  Delayed improvement at three weeks posttest was 
noted for subcategories that involved some element of oral-motor coordination of mechanisms 
and processes involved in breastfeeding.  Significant improvement was not noted for variables 
such as latch, peristalsis, nipple chewing, and non-nutritive lingual movement until three weeks 
post-surgery.  This is likely because these variables are related to coordination of multiple 
processes and require time to program (i.e., retrain neurological connections controlling complex 
sequences of motor movements).  Similar to Steehler and colleagues (2012), surgical 
intervention may be considerably more beneficial when it is performed earlier in life, especially 
in the context of coordination during feeding. 
Scores for the subcategory Audible Swallowing in the LATCH Tool showed differences 
from pretest to posttest in this study.  This subcategory may be unclear because audible 
swallowing can be misinterpreted as audible gulping, which is clinically distinct.  Audible 
swallowing is considered normal and is marked by the mechanical sound of laryngeal elevation 
and depression during safe and efficient swallowing.  Audible gulping, however, can result from 
liquid (e.g., breast milk) pooling in the infant’s oral cavity.  This may cause the infant to 
uncontrollably (and unsafely) gulp the liquid during the oral phase of the swallow.  Audible 
gulping may sound as if the infant is gagging, choking, and/or squealing, which can result in a 
wet vocal quality.  It may also result in refusal during feeding, arching of the infant’s back, and 
congestion.  Further, the infant may experience a change in heart rate, breathing difficulties, 
and/or discoloration.  
The research recognizes that the operational definition, functional characteristics, and 
objective/subjective forms of assessment used to determine the presence and severity of tethered 
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oral tissue have changed theoretically and clinically over time.  These limitations have left 
practitioners without standardized procedures or outcome data necessary to understand the whole 
child or the long-term impacts of tethered oral tissue.  Many practitioners rely on evidence-based 
practice (EBP) to determine the most appropriate treatment plan.  The particular assessments 
used in this study were included for comprehensive reasons.  Some items may be exhaustive or 
redundant. 
It is important to understand that tethered oral tissue is not just limited to tongue tie.  A 
maxillary lip tie can negatively impact latch quality by preventing the lip from flanging outward 
over the mother’s nipple and/or areola.  The inability to flange the upper lip can impede sucking 
skills and cause the infant to consume excess air, resulting in gassiness, hiccups, spit-up, or air-
induced reflux.  All infants in the study presented with visible (either Kotlow Class IV or 
Coryllos et al. Type 4) maxillary lip ties that extended from the lip to the alveolar ridge and/or 
maxillary papilla that were marked by shortness, tightness, and blanching (i.e., whiteness upon 
elevation). 
The variety, availability, and practicality of assessments used to evaluate tethered oral 
tissue were an important consideration.  Older assessments primarily looked at appearance of the 
frenular tissue, whereas newer assessments emphasize appearance and function.  This still allows 
for enormous variation in interpretation because it leaves out critical details that can only be 
obtained via maternal interview (or report) and observation.  The subjective nature of tissue 
classifications used to judge the visibility of the frenulum (lip, tongue, and cheek) is also 
extremely variable across providers.  The comprehensive assessment procedures used in this 
study were a marked improvement over those used in prior research because criteria for 
appearance and function were evaluated in addition to physical behaviors during observation, 
 114 
maternal report, and a pre-/posttest questionnaire.  Further, the same assessment procedures were 
used at posttest, unlike other researchers who only followed up with a simple phone call or 
survey.  The researcher-developed questionnaire used Likert ratings to report maternal 
perceptions related to infant feeding.  Similar to Berry and colleagues (2012), the mother’s 
perception of infant feeding is extremely valuable and improvement can be quickly detected.   
Limitations of the study included a relatively small sample size (n = 16), short-term 
follow-up (one week and three weeks), no inter-rater evaluation of the ATLFF, and lack of 
control group for comparative purposes.  The goal of the study was to systematically examine 
infants in a specific clinic setting using precise laser settings.  Long-term follow-up beyond 3 
weeks was not completed due to time constraints.  A control group was not incorporated due to 
the lack of available participants.  The inter-rater reliability of the ATLFF was not obtained 
because the DDS does not do this assessment and another rater was not available in the clinic.  
Future research would need to include verification of results since studies show acceptable but 
only moderately high reliability scores for this instrument. 
Another limitation is the lack of a peer control group of typically developing infants to 
examine rate of change in functional behaviors that may be caused by maturation.  That is, 
changes in behaviors such as pacifier use, mouth breathing, and colic may have changed in this 
study because the infants were older at 1-3 weeks post frenectomy.  No literature could be found 
profiling potential developmental changes but a control group could verify whether these 
changes occurred simply by maturation.  The fact that the changes occurred between 1 and 3 
weeks for all infants even though they differed in age at the time of the frenectomy (1.5 to 10 
weeks), and that the three children who did not receive the frenectomy for three months did not 
change during that interim, supports the changes were not due to maturation alone.  
 115 
Inclusion criteria for infant participants were limited to those born greater than 37 weeks 
and six days gestation to control for prematurity because anatomy and physiology of the preterm 
infant differ from that of the term infant.  Differences in structure and function would likely 
affect intervention outcomes.  Further, inclusion criteria were also limited to those infants who 
were less than six months old at the time of the initial evaluation.  The anatomic structures, 
reflexive movements, and oral-motor patterns begin to mature beyond six months.  This is 
especially important for nutritive and non-nutritive suck patterns. 
Future research should continue to address the importance and clinical significance of 
comprehensive evaluation for tethered oral tissue.  This is especially important for newborns and 
infants during the first few weeks of life.  Future studies may wish to look further into the co-
linearity of maternal and infant symptoms.  This particular study found many mother-infant 
symptoms to be co-linear; survey questions can be better prepared so that the collected data are 
not redundant.  
Additionally, preterm infants, older children, and special populations should be studied.  
The frequency, intensity, duration, and type(s) of supplemental aftercare therapy should also be 
considered.  The timing of intervention is crucial; therefore newborn, infant, and older 
populations should be examined to determine when intervention should take place.  Future 
research should also aim to examine the long-term effects of tethered oral tissue following 
intervention and if left untreated.   
Since various types of dysfunction were reported in this study, future research should 
reinforce the importance of the mother-infant dyad and working within a multidisciplinary team 
setting to determine the most appropriate treatment plan and goals.  While a lactation consultant 
(IBCLC/CLC) is the most appropriate practitioner to help with breastfeeding difficulties of the 
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mother-infant dyad, providers such as (but not limited to) SLPs, PTs, and OTs can provide 
extremely beneficial therapy strategies to meet the goals and objectives of a treatment plan that 
targets the whole child within the dyad.  The multidisciplinary team should have knowledge and 
experience with infant development regarding reflexes, movement patterns, oral-motor skills, 
feeding, and swallowing.  Further, the provider should be able to decipher dysfunction from 
typical function and recognize the use of compensatory strategies.  Co-interventions consisting 
of various providers from the multidisciplinary team can best be studied beyond a one-week 
and/or three-week follow-up. 
Small changes to the parent questionnaire would also prove useful.  While symptoms 
associated with colic were included, the questionnaire failed to determine if either the parent or 
pediatrician had identified this as “true colic” (i.e., misidentification).  In addition, only a general 
statement regarding prone positioning (i.e., tummy time) was used to describe flexion and 
extension patterns.  Future research should examine developmental delays (e.g., milestones) of 
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A descriptive research design will be used to investigate the impacts of tethered oral 
tissue on oral function in breastfeeding mother-infant dyads before and after elective surgical 
intervention using a laser (i.e., frenectomy).  Frenectomy is an elective procedure and the 
decision is made by the mother ONLY.  The purpose of the study is to analyze oral function of 
infant participants using a variety of assessments.  Formal and informal assessments will be used 
to determine difficulties related to feeding, swallowing, oral-motor ability, breathing, and sleep.  
Dyads will be studied prior to frenectomy and at one week and three weeks post-operatively.  
Formal assessments will include the LATCH Tool (Jensen et al., 1994), Assessment Tool 
for Lingual Frenulum Function (Hazelbaker, 1993), and Lingual Frenulum Protocol with Scores 
for Infants (Martinelli et al., 2012).  Informal assessments will include a full case history (i.e., 
birthing, medical, surgical, family, feeding), parent interview, researcher-developed 
questionnaire, and observation.  A visual inspection of the infant’s mouth will be completed 
using gloved fingers.  The comprehensive functional evaluation will last approximately 1-2 
hours.  All comprehensive functional evaluations will follow the same format for each 
participant.  
 Once the comprehensive functional evaluation is complete, a doctor of dental surgery 
(DDS) will review scores and findings, and then visually inspect the infant’s mouth with gloved 
fingers.  A diagnosis of tethered oral tissue will be assigned if warranted only by the DDS.  For 
infants diagnosed with tethered oral tissue, information regarding surgical and non-surgical 
(therapeutic) intervention will be provided.  If the mother elects to have the infant undergo 
surgical intervention for the release of tethered oral tissue, pre-operative and post-operative 
details will be provided beforehand.  Intervention is not mandatory and will be solely determined 
by the mother.  Mothers who elect no intervention at all or infants who are not assigned a 
diagnosis of tethered oral tissue will be immediately discharged and given other care 
recommendations.   
Surgical intervention will be performed the same day with a laser (Erbium: YAG). The 
infant will be wrapped in a swaddle and laser release will be completed by the DDS in a closed 
dental suite using gloves.  A small injection of 1% Lidocaine/Epinephrine (1:100,000) will be 
administered by the DDS at the site of the maxillary labial frenulum for comfort. No sedation or 
General Anesthesia will be required.  All necessary safety precautions will be adhered to 
including the use of protective eyewear, masks, and gloves in conjunction with the highest 
sanitation standards.   
Mother-infant dyads who undergo frenectomy will receive follow-up assessment and care 
at one week and three weeks post-operatively.  Mother-infant dyads who do not undergo 
frenectomy but elect therapeutic intervention will receive lactation and oral motor care at one 
week and three weeks.  A researcher-developed questionnaire from pretest will be administered 
at posttest for each follow-up.  The questionnaire will specifically assess post-operative 
functioning and social ramifications of the intervention via maternal report.  
Confidentiality of participant information will be maintained using alpha-numeric codes 
and password protection.  All data files will be submitted electronically and require a password.  
Test result files will only utilize alpha-numeric codes.  Information related to the mother will be 
cross-coded with the infant using alpha-numeric codes.  All paper records will be stored in a 
locked filing cabinet and shredded upon completion of the study. 
There are no known risks associated with assessment and/or follow-up.  There is always a 
risk following any kind of surgical intervention.  Physical risks may include discomfort, bleeding, 






Parent Consent for Participation 
 
Project Title: Evaluation of Oral Function Before and After Frenectomy for Breastfed Infants 
Diagnosed with Tethered Oral Tissue 
 
Performance Site: Private Practice 
 
Investigators: The following investigators are available for questions: 
 Dr. Jan Norris COMD, Louisiana State University (LSU), 225-578-3936 
 Cindy Parr COMD, LSU, clane11@lsu.edu 
 
Purpose of the Project: This study will examine changes in the oral structures of infants with 
tongue and/or lip tie before and after surgery, as well as changes in related behaviors such as 
infant latch, painful breastfeeding, and infant fussiness.   
 
Inclusion Criteria: Infant participants must have sufficiently restricted tongue movement to 
interfere with feeding.  The participant’s gestational age must have been greater than or equal to 
(≥) 37 weeks, 6 days gestation, be currently breastfeeding, and be less than or equal to (≤) 6 
months of age.  
 
Exclusion Criteria: Infant participants will not be included in the study if he or she has a 
previous developmental diagnosis, has a life-threatening comorbid condition, has had previous 
treatment for tethered oral tissue by another provider, has been diagnosed with hearing and/or 
vision impairment, or has been born from multiple births.  Mothers will not be included in the 
study if there is a previous history of breast surgery (augmentation or reduction) or insufficient 
glandular tissue.  Mother-infant dyads who do not sign and return the consent form will not be 
considered for participation. Participants are considered lost to follow-up if questionnaires are 
not completed by the mother by the one-week and three-week periods. 
 
Description of the Study: Mother-infant dyads will be studied before and after elective surgical 
intervention.  Surgical intervention will be considered elective based on the mother’s own free 
will to have her infant undergo the procedure.  A battery of objective and subjective measures 
will be used to functionally evaluate the dyad prior to frenectomy and at one week and three 
weeks post-operatively.  Mother-infant dyads who do not undergo frenectomy will receive 
lactation and oral motor care at one week and three weeks.  The investigator(s) will utilize the 
same post-operative measures for each follow-up.  
 
Benefits: Participants in this study will be evaluated by knowledgeable professionals to 
determine the presence of oral dysfunction.  This study may identify known and unknown 
anatomical and/or physiological deficits.  Follow-up phone interviews will be conducted to 
check on participants and document intervention questions/concerns.  Follow-up assessment and 
care will be received by the mother-infant dyads.  Formal assessment scores and an evaluation 
report will available upon request for person recordkeeping.  Better teamwork between 







Risks: There are no known risks associated with participation in the study (assessment and 
follow-up).  Any risks associated with the surgery (bleeding, infection) will not be increased by 
participation in the study.  
 
Right to Refuse: Participation is voluntary and an infant will become part of the study if the 
mother agrees to participation for herself and her infant.  At any time, the subject’s mother may 
withdraw the subject from the study without penalty or loss of any benefit to which they might 
otherwise be entitled. 
 
Privacy: The investigator(s) will use data to see if assessments and intervention improve the oral 
function of infants.  The investigator(s) may review case history documents and assessment 
protocols.  Health information (or identifying information) from the mother and/or infant will not 
be collected from the DDS.  The investigator(s) will anonymously enter data and assessment 
scores into a file for statistical analysis.  Results of the study may be published, but no names, 
health information, or identifying information will be included for publication.  Participant 
identity will remain confidential unless disclosure is required by law. 
 
Financial Information: The regular fees for the assessment and surgical intervention will be 
charged by the DDS.  No additional fees will be charged for participating in the study, nor will 
the mothers be compensated for participation. 
 
 






The study has been discussed with me and all of my questions have been answered. I may direct 
additional questions regarding study specifics to the investigator(s). If I have questions about 
subjects’ rights or other concerns, I can contact Dennis Landin, Chairman, Institutional Review 
Board, (225) 578-8692, irb@lsu.edu, www.lsu.edu/irb. I will allow my infant to participate in the 
study and I also agree to participate in the study. I acknowledge the investigator’s obligation to 




















Child’s Name: _______________________________________  
 
Parent’s Signature: ___________________________________  
 




The mother has indicated to me that she is unable to read. I certify that I have read this consent 
form to the mother and explained that by completing the signature line above, she has given 
permission for the infant to participate in the study. 
 
 
Child’s Name: _______________________________________  
 
Signature of the Reader: ___________________________________  
 







Institutional Review Board 
Dr. Dennis Landin, Chair 
130 David Boyd Hall 
Baton Rouge, LA 70803 
P: 225.578.8692 
F: 225.578.5983 
irb@lsu.edu | lsu.edu/irb  
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Assessment Tool for Lingual Frenulum Function (ATLFF) 
 
© Alison K. Hazelbaker, PhD, IBCLC  April 21, 2012 
 
 
Mothers name: __________________________ 
 
Baby’s name: ___________________________ 
 
Baby’s age: _____________________________  
 
Date of assessment: ______________________ 
FUNCTION ITEMS   
 Lateralization Cupping of tongue  
 2  Complete 2  Entire edge, firm cup  
 1  Body of tongue but not tongue tip 1  Side edges only, moderate cup  
 0  None 0  Poor OR no cup  
    
 Lift of tongue Peristalsis (progressive contraction)  
 2  Tip to mid-mouth 2  Complete anterior to posterior (originates at tip)  
 1  Only edges to mid mouth 1  Partial: originating posterior to tip  
 0  Tip stays at alveolar ridge OR tip rises only to  
    mid-mouth with jaw closure AND/OR mid- 
    tongue dimples 
0  None OR Reverse peristalsis  
    
 Extension of tongue Snap back  
 2  Tip over lower lip 2  None  
 1  Tip over lower gum only 1  Periodic  
 0  Neither of the above OR anterior or mid- 
    tongue humps and/or dimples 
0  Frequent OR with each suck  
    
 Spread of anterior tongue   
 2  Complete   
 1  Moderate OR partial   
 0  Little OR none   
    
APPEARANCE ITEMS   
 Appearance of tongue when lifted Elasticity of lingual frenulum  
 2  Round OR square 2  Very elastic (excellent)  
 1  Slight cleft in tip apparent 1  Moderately elastic  
 0  Heart shaped 0  Little OR no elasticity  
    
 Length of lingual frenulum when tongue lifted Attachment of lingual frenulum to tongue  
 2  More than 1 cm OR absent frenulum 2  Posterior to tip  
 1  1 cm 1  At tip  
 0  Less than 1 cm 0  Notched OR under the mucosa at the tongue 
    base 
 
    
 Attachment of lingual frenulum to inferior alveolar ridge   
 2  Attached to floor of mouth OR well below 
    ridge 
  
 1  Attached just below ridge   
 0  Attached to ridge 
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Function Item score:    _______ 
 
Appearance Item score:    _______ 
 
 
Combined Score:    _______ / _______    
Treatment Recommendations Based on Scoring   
 14    = Perfect Function score regardless of Appearance Item score. Surgical treatment not recommended. 
 
11    =  Acceptable Function score only if  Appearance Item score is 10. 
 
<11 =  Function Score indicates function impaired. Frenotomy should be considered if management fails. Frenotomy necessary if 


























LINGUAL FRENULUM PROTOCOL WITH SCORES FOR INFANTS  





















        









 HISTORY SCORES: Best result = 0                         Worst result = 8 
Name: ___________________________________________Birth: ____/____/_____ 
Examination date: ___/___/_____                Gender: M (   )      F (   ) 
Mother ’s name: _______________________________________________________________ 
Father ’s name: ______________________________________________________________ 
Address: _______________________________________________________ __________ 
City _____________ State ____________________ ZIP: ______________ 




Family history (any lingual frenulum alteration) 
(   ) no (0)  (   ) yes (1)   Who: ______________ What:_______________________________ 
Other health problems: 
(   ) no  (   ) yes     What: _______________________________________________________ 
 
Breastfeeding: 
- time between feedings: (   ) 3hours (0)   (   ) 2hours  (0)   (   ) 1hour or less (2) 
- fatigue during feeding? (   ) no   (0)    (   ) yes (1) 
- sucks a little and sleeps? (   ) no (0)    (   ) yes (1) 
- slips off nipple?  (   ) no (0)    (   ) yes (1) 




























PART I – ANATOMO-FUNCTIONAL EVALUATION 





      (   ) closed  (0)                              (   ) half-open (1)                                  (   ) open   (1) 
     
 
     






(   ) midline (0)                                       (   )  elevated    (0)                   (   ) down (2) 
 
 




    (   ) round or square  (0)                (   ) V-shaped  (2)                        (   ) heart-shaped (3) 
 
                                                         CLINICAL EXAMINATION 
(video to future analysis suggested) 
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4. Lingual Frenulum 
 
 




  (   ) visible                                   (   ) not visible                  (  ) visible with maneuver (*) 
   IF THE LINGUAL FRENULUM IS NOT VISIBLE, GO TO PART II (evaluation of orofacial functions) 
 
 






                (   ) thin (0)  (   ) thick (2) 
 






 (   ) midline  (0)                 (   ) between midline and apex (1)           (   ) apex (3) 
 












* Maneuver: elevate and push back the tongue. If the frenulum is not visible, the infant must be seen by 
speech-language pathologist each two months for periodic frenulum evaluation. 
 
                 
Anatomo-functional evaluation scores: Best result = 0           Worst result = 12 
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PART II – EVALUATION OF OROFACIAL FUNCTIONS  
 
1. Non-nutritive sucking (little finger suction wearing gloss) 
1.1. Tongue movement  
    (   ) adequate:   tongue protrusion, coordinated movements and efficient suction    (0)     




2. Nutritive sucking (when breastfeeding starts, observe infant sucking during 5 minutes) 
 
2.1. Suction Rhythm (observe groups of suction and pauses) 
   (   ) several suctions in a row followed by short pauses (0)     
   (   ) a few suctions followed by long pauses                  (1) 
 
 2.2. Coordination among suction/ swallowing/ breathing 
    (   ) adequate    (0)  (balance between feeding and suction-swallowing-breathing without stress )  
                                               




 2.3. Nipple chewing  
    (   ) no   (0)                    
    (   ) yes (2) 
 
2.4. Clicking during sucking 
    (   ) no (0)              
    (   ) non-systematic (1)             
    (   ) frequent (2) 
 
       
        Orofacial function evaluation scores: Best result = 0              Worst result = 7 
 
 
      HYSTORY + CLINICAL EXAMINATION TOTAL SCORES: BEST RESULT=0     WORST RESULT= 27 
 
      WHEN THE SUM OF HISTORY AND CLINICAL EXAMINATION IS EQUAL OR MORE THAN 9, 



























Initial Questionnaire Pre-Frenectomy 
Today’s Date: __________ 
 
Patient DOB: ___________            Chronological Age (in weeks): _________  Race: ____________________ 
Mother’s Age: __________          Highest Level of Education: ___________  Marital Status: ____________ 
 
 
! ! ! 1 
 
Please place a check mark in the space provided that most appropriately answers the question.  
1. A typical feeding for my child lasts approximately: 
_____ Less than 15 minutes 
_____ 15-30 minutes 
_____ 30-45 minutes 
_____ 45-60 minutes 
_____ 60+ minutes 
2. My child sleeps: 
_____ In a crib or bassinet with no elevation 
_____ In a crib or bassinet with elevation 
_____ In a Rock & Play with elevation 
_____ In the bed (co-sleep/bed sharing) 
_____ Other
















My child exhibits audible/labored breathing at rest.       
My child exhibits audible/labored breathing during feedings.       
My child exhibits audible/labored breathing when asleep.       
My child frequently sounds congested.       
My child’s mouth is open throughout the day.       
My child’s mouth is open when sleeping.       
My child spits up or vomits through the mouth.       
My child spits up or vomits through the nose.       
My child exhibits frequent gassiness.       
My child exhibits frequent hiccups.       
My child has frequent colic.       
My child sleeps less than 3 hours at night before waking to feed.       
My child snores when sleeping.       
My child exhibits an open mouth posture when sleeping.       
My child cries to indicate hunger.       
My child cluster feeds throughout the day.       
My child has a poor/shallow latch.       
My child requires multiple attempts to re-latch.       
My child’s upper lip tucks in (i.e., does not flange) when feeding.       
My child frequently coughs/chokes during a feeding.       
My child does NOT enjoy tummy time.       
My child exhibits a breast preference (L/R).       
My child is unable to hold a pacifier by himself/herself.       
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Rate each statement with a score of 1 (least) to 10 (most). 
My pediatrician is supportive of breastfeeding. 
0 1 2 3 4 5 6 7 8 9 10 
 
My pediatrician feels tongue tie is a “fad”. 
0 1 2 3 4 5 6 7 8 9 10 
 
I am currently experiencing nipple pain/discomfort when breastfeeding (10 being the MOST painful). 






__________________________________________ _________________________________________________________________  















I am currently experiencing nipple pain/discomfort when 
breastfeeding. 
      
I am currently experiencing cracked, bleeding, or bruised nipples.       
I am currently experiencing lipstick-shaped nipples.       
I am currently experiencing low milk supply.       
I respond well to a breast pump.       
I am currently experiencing plugged ducts.       
I am currently experiencing mastitis.        
I require a nipple shield to breastfeed my child.       
My breast(s) frequently feel full/engorged.       










Initial Questionnaire Post-Frenectomy 
Today’s Date: __________ 
 
Patient DOB: ___________            Chronological Age (in weeks): _________  Race: ____________________ 
Mother’s Age: __________          Highest Level of Education: ___________  Marital Status: ____________ 
 
 
! ! ! 1 
 
Please place a check mark in the space provided that most appropriately answers the question.  
1. A typical feeding for my child lasts approximately: 
_____ Less than 15 minutes 
_____ 15-30 minutes 
_____ 30-45 minutes 
_____ 45-60 minutes 
_____ 60+ minutes 
2. My child sleeps: 
_____ In a crib or bassinet with no elevation 
_____ In a crib or bassinet with elevation 
_____ In a Rock & Play with elevation 
_____ In the bed (co-sleep/bed sharing) 
_____ Other
 
















My child exhibits audible/labored breathing at rest.       
My child exhibits audible/labored breathing during feedings.       
My child exhibits audible/labored breathing when asleep.       
My child frequently sounds congested.       
My child’s mouth is open throughout the day.       
My child’s mouth is open when sleeping.       
My child spits up or vomits through the mouth.       
My child spits up or vomits through the nose.       
My child exhibits frequent gassiness.       
My child exhibits frequent hiccups.       
My child has frequent colic.       
My child sleeps less than 3 hours at night before waking to feed.       
My child snores when sleeping.       
My child cries to indicate hunger.       
My child cluster feeds throughout the day.       
My child has a poor/shallow latch.       
My child requires multiple attempts to re-latch.       
My child’s upper lip tucks in (i.e., does not flange) when feeding.       
My child frequently coughs/chokes during a feeding.       
My child does NOT enjoy tummy time.       
My child exhibits a breast preference (L/R).       
My child is unable to hold a pacifier by himself/herself.       
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Rate each statement with a score of 1 (least) to 10 (most). 
My pediatrician is supportive of breastfeeding. 
0 1 2 3 4 5 6 7 8 9 10 
 
My pediatrician feels tongue tie is a “fad”. 
0 1 2 3 4 5 6 7 8 9 10 
 
I am currently experiencing nipple pain/discomfort when breastfeeding (10 being the MOST painful). 
0 1 2 3 4 5 6 7 8 9 10 
 
Please indicate how confident you were doing the stretches: 
0 1 2 3 4 5 6 7 8 9 10 
 
How likely are you to recommend frenectomy to a friend/family member who suspects their baby is tied?    
0 1 2 3 4 5 6 7 8 9 10 
 
Please indicate how confident you are that aftercare therapy was helpful.    
0 1 2 3 4 5 6 7 8 9 10 
 
If your baby attended aftercare therapy, what kind of therapist was seen? (check all that apply): 
___  SLP      ___ OT      ___ PT      ___ CST       ____ IBCLC/CLC      ____ Chiropractor      ___________________________ Other 
If no, explain why aftercare was not received: ____________________________________________________________________  















I am currently experiencing nipple pain/discomfort when 
breastfeeding. 
      
I am currently experiencing cracked, bleeding, or bruised nipples.       
I am currently experiencing lipstick-shaped nipples.       
I am currently experiencing low milk supply.       
I respond well to a breast pump.       
I am currently experiencing plugged ducts.       
I am currently experiencing mastitis.        
I require a nipple shield to breastfeed my child.       
My breast(s) frequently feel full/engorged.       
I feel like my child is able to efficiently drain my breast(s).       
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Pre Post1 Post3 Pre Post1 Post3 Obs. Chi² P(T<=t) F-Stat. P(T<=t) 
alpha 
=0.05 
My child exhibits audible/labored 
breathing at rest. 
2.250 2.250 2.250 1.612 1.342 1.238 16 2.292 0.318 0a 1.000 0.050 
My child exhibits audible/labored 
breathing during feedings. 
3.190 3.310 2.440 1.682 1.195 1.153 16 5.602 0.061 3.028a 0.063 0.543 
My child exhibits audible/labored 
breathing when asleep. 
2.940 2.380 2.250 1.692 1.088 1.238 16 2.481 0.289 2.381a 0.110 0.443 
My child frequently sounds 
congested. 
3.500 3.190 2.940 1.633 1.047 1.340 16 4.067 0.131 0.905a 0.415 0.191 
My child's mouth is open throughout 
the day. 
2.940 2.500 2.000 1.389 1.155 0.516 16 0.411 0.814 4.471a 0.020 0.722 
My child's mouth is open when 
sleeping. 
3.000 2.440 2.500 1.414 1.209 0.966 16 13.262 0.001* 2.177b 0.154 0.315 
My child spits up or vomits through 
the mouth. 
4.060 3.630 3.060 0.998 1.258 1.289 16 0.331 0.847 4.026a 0.028 0.674 
My child spits up or vomits through 
the nose. 
2.060 1.880 1.440 1.482 1.455 1.413 16 3.778 0.151 2.464a 0.102 0.457 
My child exhibits frequent gassiness. 4.250 3.440 3.560 1.125 1.413 1.263 16 2.340 0.310 4.783
a 0.016 0.753 
My child exhibits frequent hiccups. 4.440 3.940 3.380 0.814 0.998 1.258 16 2.435 0.296 9.954
a 0.000* 0.974 
My child has frequent colic. 2.880 2.500 2.000 1.455 1.317 0.816 16 1.373 0.503 3.491
a 0.043 0.607 
My child sleeps less than 3 hours at 
night before waking to feed. 
3.560 2.690 2.130 1.590 1.302 0.885 16 5.707 0.058 6.015a 0.006 0.848 
My child snores when sleeping. 2.560 2.190 1.810 1.365 1.047 0.834 16 8.781 0.012 4.010
b 0.048 0.551 
My child cries to indicate hunger. 3.880 4.060 4.000 1.310 0.854 0.730 16 16.742 0.000* 0.257
b 0.657 0.078 
My child cluster feeds throughout the 
day. 
3.440 2.750 2.500 1.413 1.183 0.894 16 2.598 0.273 6.129a 0.006 0.855 
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Table of Summary of Statistical Results for Infant Symptoms Using the Researcher Questionnaire (cont.) 
 
Item 






Pre Post1 Post3 Pre Post1 Post3 Obs. Chi² P(T<=t) F-Stat. P(T<=t) 
alpha 
=0.05 
My child has a poor/shallow latch. 4.310 3.690 2.880 1.078 1.302 1.204 16 0.010 0.995 6.126
a 0.006 0.855 
My child requires multiple attempts 
to re-latch. 
4.500 3.750 2.810 0.816 1.065 1.471 16 3.227 0.199 14.838a 0.000* 0.998 
My child's upper lip tucks in (i.e., 
does not flange) when feeding. 
4.690 3.630 2.880 0.602 0.957 1.258 16 1.650 0.438 19.783a 0.000* 1.000 
My child frequently coughs/chokes 
during a feeding. 
3.560 2.880 2.690 1.504 1.088 1.138 16 1.210 0.546 3.569a 0.041 0.618 
My child does NOT enjoy tummy 
time. 
2.370 2.440 1.940 1.408 1.263 0.998 16 1.079 0.583 1.081a 0.352 0.221 
My child exhibits a breast 
preference (L/R). 
3.000 2.500 2.000 1.506 1.155 1.366 16 1.505 0.471 2.727a 0.082 0.498 
My child is unable to hold a 
pacifier by himself/herself. 
3.500 3.060 3.190 1.713 1.340 1.109 16 2.234 0.327 0.880a 0.425 0.187 
 
Note. a. Sphericity Assumed; b. Greenhouse-Geisser; *Highly Significant at α ≤ 1%. 
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Table of Pairwise Differences for Infant Symptoms Using the Researcher Questionnaire 
 
Item  
















My child exhibits audible/labored 
breathing at rest. 
0.000 0.465 1.000 0.000 0.329 1.000 0.000 0.398 1.000 
My child exhibits audible/labored 
breathing during feedings. 
-0.125 0.455 1.000 0.750 0.413 0.269 0.875 0.256 0.011 
My child exhibits audible/labored 
breathing when asleep. 
0.563 0.398 0.533 0.688 0.299 0.109 0.125 0.301 1.000 
My child frequently sounds 
congested. 
0.313 0.506 1.000 0.563 0.408 0.564 0.250 0.323 1.000 
My child's mouth is open throughout 
the day. 
0.438 0.316 0.559 0.938 0.335 0.041 0.500 0.289 0.311 
My child's mouth is open when 
sleeping. 
0.563 0.329 0.323 0.500 0.365 0.573 -0.063 0.143 1.000 
My child spits up or vomits through 
the mouth. 
0.438 0.353 0.703 1.000 0.329 0.025 0.563 0.376 0.466 
My child spits up or vomits through 
the nose. 
0.188 0.245 1.000 0.625 0.352 0.288 0.438 0.258 0.331 
My child exhibits frequent gassiness. 0.813 0.332 0.081 0.688 0.270 0.067 -0.125 0.239 1.000 
My child exhibits frequent hiccups. 0.500 0.224 0.123 1.063 0.281 0.005 0.563 0.203 0.043 
My child has frequent colic. 0.375 0.287 0.632 0.875 0.375 0.102 0.500 0.329 0.449 
My child sleeps less than 3 hours at 
night before waking to feed. 
0.875 0.507 0.315 1.438 0.428 0.013 0.563 0.288 0.210 
My child snores when sleeping. 0.375 0.287 0.632 0.750 0.323 0.104 0.375 0.155 0.086 
My child cries to indicate hunger. -0.188 0.306 1.000 -0.125 0.328 1.000 0.063 0.111 1.000 
My child cluster feeds throughout the 
day. 
0.688 0.313 0.132 0.938 0.295 0.019 0.250 0.214 0.783 
My child has a poor/shallow latch. 0.625 0.417 0.464 1.438 0.408 0.009 0.813 0.410 0.199 
My child requires multiple attempts 
to re-latch. 
0.750 0.250 0.027 1.688 0.299 0.000* 0.938 0.370 0.069 
My child's upper lip tucks in (i.e., 
does not flange) when feeding. 
1.063 0.281 0.005 1.813 0.332 0.000* 0.750 0.250 0.027 
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Table of Pairwise Differences for Infant Symptoms Using the Researcher Questionnaire (cont.) 
 
Item  
















My child frequently coughs/chokes 
during a feeding. 
0.688 0.362 0.231 0.875 0.375 0.102 0.188 0.292 1.000 
My child does NOT enjoy tummy 
time. 
-0.063 0.392 1.000 0.438 0.398 0.866 0.500 0.316 0.404 
My child exhibits a breast preference 
(L/R). 
0.500 0.492 0.976 1.000 0.398 0.072 0.500 0.387 0.649 
My child is unable to hold a pacifier 
by himself/herself. 
0.438 0.387 0.828 0.313 0.350 1.000 -0.125 0.272 1.000 


























How likely are you to recommend frenectomy 
to a friend/family member in need? 






















Please indicate how confident you were that 
aftercare was helpful. 
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